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A  BIOLOGICAL   SURVEY    OF    THE   WATERS   OF 
WOODS   HOLE  AND  VICINITY. 

Section  I.— PHYSICAL  AND  ZOOLCXaCAL. 

By  FRANCIS  B.  SUMNER.  RAYMOND  C.  OSBURN.  and  LEON  J.  COLE. 

Chapter  I.— INTRODUCnON. 

One  oi  the  necessary  conditions  for  the  intelligent  understanding  of  a  nation's 
poptdation,  its  resources  and  its  needs,  is  the  taking  of  an  adequate  census.  So  also 
we  can  have  no  proper  appreciation  of  the  resources  of  the  sea,  and  of  the  means  by 
which  we  may  develop  and  conserve  them  without  first  making  an  accurate  inventory 
of  its  inhabitants.  This  view  was  stated  quite  expliddy  by  Baird  (1873,  p.  xin)  in 
his  first  report  as  Commissioner  of  Fish  and  Fisheries,  and  has  been  the  assumption 
upon  which  much  of  the  scientific  work  of  the  United  States  Pish  Commission  has  been 
based.  Accordingly  it  was  appropriate  that  the  first  annual  report  of  the  commission 
should  contain  not  only  a  Catsdogue  of  the  Fishes  of  the  East  Coast  of  North  America, 
so  far  as  then  known,  but  an  extended  report  upon  the  invertebrate  animals  of  one 
important  section  of  the  coast,  and  a  list  of  the  marine  algae  inhabiting  this  same  region. 

The  preparation  of  these  detailed  lists  of  the  animals  and  plants  occupying  regions 
of  greater  or  less  extent  has  long  been  the  favorite  occupation  of  a  certain  class  of  natu- 
ralists. Such  lists  abound  in  the  annals  of  botany  and  zoology.  It  is  only  thus,  indeed, 
that  we  have  learned  how  our  planet  is  populated.  The  cumulative  labors,  first  of 
individuals,  then  of  scientific  organizations  and  of  governments,  have  given  us  the  data 
from  which  to  formulate  the  laws  of  geographical  distribution.  In  the  beginning  we 
have  the  bare  facts  of  occurrence;  then  corrdations  are  established  between  given  con- 
ditions of  envirotmient  and  the  presence  of  given  species  or  varieties;  finally  we  are 
brought  within  striking  distance  of  the  great  central  problem  of  the  origin  of  the  species. 

So  much  for  the  scientific  aspect  of  the  case.  On  the  practical  side,  faunistic  and 
fioristic  studies  need  offer  no  apology  for  their  existence.  They  have,  indeed,  formed 
a  part  of  the  established  policy  of  our  Government  for  many  years.  The  Department 
ci  Agriculttue  has  long  maintained  a  biological  survey  of  the  land  animals  and  plants 
of  tins  continent,  while  our  Bureau  of  Fisheries,  following  the  example  of  its  illustrious 
founder,  has  slowly  but  steadily  been  conducting  a  census  of  the  inhabitants  of  our  seas 
and  lakes.  Truly,  these  creatures  are  not  all  fit  for  food,  nor  indeed  for  any  commercial 
purpose  whatever — though  we  must  add  that  there  are  probably  many  more  animals 
and  plants  of  economic  value  than  we  now  realize.  But  the  life  of  the  earth  is  an  inter- 
related whole.    One  species  stands  in  relation  to  another  as  its  enemy,  prey,  food. 
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parasite,  host,  messmate,  or  the  Uke,  and  intimate  chemical  relations  may  exist,  as  we 
find  to  obtain  between  the  animal  kingdom  and  the  plant  kingdom,  as  a  whole.  More- 
over, as  we  now  view  the  case,  all  these  multitudinous  living  creatures  are,  so  to  speak, 
related  by  "blood."  The  knowledge  which  we  gain  from  one  is  commonly  applicable 
to  its  nearer  relatives  and  frequently  to  a  long  series  of  other  forms.  Hence  the  futility 
of  endeavoring,  even  on  economic  grounds,  to  restrict  our  investigations  to  food  fishes 
or  other  animals  of  obvious  commercial  importance.  What  we  learn  from  the  study 
of  a  minnow  is,  in  the  great  majority  of  cases,  quite  as  applicable  to  a  mackerel  or  a  cod. 
But  the  minnow  is  easier  to  obtain  and  easier  to  manipulate.  Thus  it  is  that  we  find 
a  staflF  of  experts,  under  Government  employ,  devoting  themselves,  in  many  cases,  to 
the  study  of  obscure  and  apparently  insignificant  forms  of  life. 

A  full  account  of  zoological  explorations  in  the  coastal  waters  of  New  England 
would  occupy  a  volume  of  considerable  size.  As  pioneers  in  this  work  stand  forth  the 
names  of  Gould,  C.  B.  Adams,  Couthouy,  Desor,  Girard,  and  Storer;  of  Ayres,  Stimpson, 
Mighels,  Leidy,  and  Louis  Agassiz.  A  later  period  was  inaugurated  by  the  establish- 
ment of  the  United  States  Fish  Commission  in  1871,  and  the  commencement  of  the 
mportant  dredging  explorations  of  Verrill  and  his  colleagues.  Beginning  with  the 
shallower  waters  of  the  bays  and  sounds  of  New  England,  these  naturalists  extended 
their  observations  to  the  broad  continental  shelf,  and  finally  to  the  depths  of  the  ocean 
beyond.  The  construction  by  the  United  States  Fish  Commission  of  the  steamer  Fish 
Hawk  in  1879  and  of  the  Albatross  in  1882  gave  great  impetus  to  the  exploration  d  the 
deeper  waters  off  the  North  American  coast;  although  work  of  the  first  importance  in 
this  field  had  already  been  done  by  Pourtales  and  by  L.  and  A.  Agassiz  with  the  Coast 
Survey  steamers  Corwin,  Bibb,  Hassler,  and  Blake,  and  by  Verrill  himself  with  various 
Government  vessels  detailed  for  the  service  of  the  Fish  Commission. 

Many  years  ago.  Woods  Hole  was  selected  by  Prof.  Baird  as  the  most  promiang 
spot  upon  our  coast  for  the  commencement  of  a  scientific  study  of  fisheries  proMems. 
From  the  very  outset  he  gathered  about  him  a  staff  of  naturalists  of  the  type  that  was 
dominant  in  that  generation — men  eager  to  seek  out  every  living  thing  concealed  be- 
neath the  waves,  to  describe  and  figure  and  name.  Foremost  among  these  was  Addison 
Verrill,  who,  with  his  colleague  Sidney  Smith  and  some  others,  was  for  many  years 
active  in  exploiting  the  marine  fauna  of  New  England. 

In  spite  of  the  previous  observations  of  Desor  and  Adams  and  Gould  and  Stimpson, 
and  the  elder  and  younger  Agassiz,  who  had  already  made  essays  into  the  waters  of 
southern  Massachusetts,  Vcfrrill  and  Smith  found  in  Vineyard  Sound  and  Buzzards  Bay 
an  almost  virgin  field.  We  begin  to  realize  the  pioneer  nature  of  much  of  their  work 
when  we  recall  that  even  some  of  our  most  abundant  and  familiar  species  (e.  g.,  Chalina 
arbuscula,  Hydroides  dianthus,  Virbius  zostericola,  Orchesiia  agilis)  were  first  described 
in  the  Report  upon  the  Invertebrate  Animals  of  Vineyard  Sound  (1873),  while  others, 
including  some  of  our  commonest  asddians,  had  been  only  recently  described  by  Verrill 
from  spedmens  taken  in  the  vicinity  of  Woods  Hole.  Indeed,  the  report  of  Verrill  and 
Smith;  hasty  and  ill  digested  as  it  was,  remains  to  this  time  our  chief  single  reference 
work  upon  the  fauna  of  this  section  of  our  coast. 

That  first  inclusive  list  of  local  species  has  been  much  extended,  it  is  true,  partly 
by  the  original  authors  themselves,  partly  by  a  younger  group  of  naturalists,  who  have 
prepared  synopses  and  annotated  lists  of  particular  sections  of  the  local  fauna.     Certain 
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of  these  have  been  published  by  the  United  States  Pish  Commission,  others  by  the 
National  Musemn  and  by  the  Boston  Society  of  Natural  History.  So  far  as  they  have 
dealt  with  the  fauna  of  the  Woods  Hole  region,  it  is  fair  to  say  that  these  papers  are 
based  chiefly,  some  of  them  perhaps  wholly,  upon  records  or  collections  made  by  the 
United  States  Fish  Conunission  or  by  its  successor,  the  Bureau  of  Fisheries.  Within 
recent  years  reports  have  appeared  comprising  the  following  groups  of  animals  reptt- 
sented  in  our  local  marine  fauna  <*  Protozoa,  Foraminifera,  Hydrozoa,  Medusae,  Entozoa 
(of  fishes),  Copepoda  (free),  Copepoda  (parasitic),  Ostracoda,  Amphipoda,  Echinoder- 
mata,  and  fishes.  Others  dealing  with  the  local  Actinozoa,  Bryozoa,  and  Polychaeta 
are  ready  for  press,  and  it  is  the  policy  of  the  Bureau  of  Fisheries  to  continue  this  work 
until  every  group  having  any  ccmsiderable  biological  or  economic  importance  has  been 
treated  in  this  way. 

The  task  undertaken  by  the  present  authors  has  been  twofold:  First,  to  make  as 
complete  a  census  as  possible  of  the  marine  fauna  and  flora  of  an  arbitrarily  limited 
r^;ion  vrithin  the  vicinity  of  Woods  Hole;  and,  second,  to  carry  on  systematic  dredg- 
ing operatk>ns  throughout  that  portion  oi  this  region  comprising  Vineyard  Sound  and 
Buzzards  Bay.^ 

In  carrying  out  the  former  division  of  our  work,  i.  e.,  the  "census,"  which  appears 
as  sections  lu  and  iv  of  this  report,  we  have  resorted  for  data  to  a  variety  of  sources. 
First  of  all  we  may  mention  the  records  of  the  dredging  operations,  including,  on  the 
one  hand,  those  of  the  survey,  in  the  restricted  sense,  and  on  the  other  hand  the  results  of 
many  special  trips  to  various  pdnts  within  the  region.  It  must  be  admitted,  however, 
that  out  of  the  grand  total  of  over  i  ,600  species  of  animals  there  listed,  scarcely  more 
than  500  are  included  in  the  dredging  records;  while  of  those  species  encountered  in  the 
dredging  operations,  the  great  majority  had  already  been  listed  by  previous  writers. 
On  the  zoological  side,  at  least,  the  main  source  d  the  data  recorded  in  the  catalogue 
was  thus  necessarily  the  literature  treating  of  the  local  marine  fauna.  And  of  this 
the  quantity  is  very  great.*^  For  30  years  or  more  Woods  Hole  has  been  the  chief 
station  for  the  pursuit  of  studies  in  marine  biology  on  this  side  of  the  Atlantic. 
Fortunately,  from  the  compiler's  point  of  view,  a  relatively  small  proportion  of  the 
resulting  literature  contains  data  relevant  to  the  present  work,  since  the  trend  of  modem 
biological  work  is  at  present  ph3rsiological  and  morphological  rather  than  taxonomic 
and  ecological.*'    But  the  list  of  papers  abstracted  for  the  catalogue  of  marine  fauna  and 

•  The  pApers  comprised  in  the  "Pftuna  of  New  Bnglaiid"  series  published  by  the  Boston  Society  of  Natural  History  are 
not  included  here,  since  they  have  a  different  scope. 

fr  A  brief  report  npoa  some  of  the  results  of  this  undertakinf  was  pcepared  by  the  senior  author  of  the  present  woric  for 
the  Fourth  Intematiooal  Fisheries  Congress.    (Sumner,  igzo.) 

« In  addition  to  making  a  general  search  for  appropriate  bibliographic  references,  almost  to  the  date  of  publication  of  this 
report,  the  following  periodicals  were  examined  systematicaly  lor  data  relating  to  the  local  fauna: 

American  Journal  of  Science  (from  1870  to  1907). 

American  Naturalist  (from  1875  to  1909)- 

Biological  Bulletin  (complete  to  1909). 

Boston  Journal  of  Natural  History  (complete). 

Journal  of  Morphology  (complete  to  1909)- 

Memoirs  Boston  Society  of  Natural  History  (complete  to  1909). 

Proceedings  Boston  Society  of  Natural  Hbtory  (complete  to  1909). 

Proceediags  Washington  Academy  of  Sciences  (1899  to  1907)- 

Proceedings  U.  S.  National  Museum  (complete  to  191  x)* 

Transactions  Connecticut  Academy  of  Sciences  (1870  to  1907). 

U.  S.  Pish  Commission  bulletins  and  reports  (complete  to  1909). 

*  A  noteworthy  illustratioo  of  this  fact  is  the  paudty  of  our  data  regarding  the  reproductive  period  of  local  animab.  The 
meager  notes  of  Bumpus,  Mead,  and  Thompson  comprise  the  ku^cr  part  of  such  definite  observations  as  have  been  recorded 
on  this  subject. 
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flora  nevertheless  contains  more  than  250  titles.  Moreover,  it  has  not  been  thought 
worth  while  for  the  purposes  in  hand  to  make  any  very  thorough  examination  of  the 
works  preceding  the  publication  of  the  Invertebrate  Animals  of  Vineyard  Sound,  since 
Verrill  and  his  collaborators  have  there  included  the  rather  scanty  records  of  their 
predecessors.  And  only  such  statements  were  considered  by  us  as  relate  directly  to  the 
Ofxnirrence  of  species  within  the  limits  of  the  r^;ion  defined  hereafter. 

Another  source  of  the  data  accumulated  in  the  course  of  our  "census"  was  the 
wealth  of  information  acquired  during  the  past  40  years  by  the  veteran  collector  ol 
the  United  States  Fish  Commission,  Mr.  Vinal  N.  Edwards.  Much  of  this,  it  is  true, 
has  already  been  incorporated  into  a  score  of  different  published  papers,  with  or  with- 
out due  acknowledgment  of  the  real  source  of  the  information.  It  is  safe  to  say  that 
most  of  the  lists  and  synopses  of  Woods  Hole  species  that  have  appeared  since  the  first 
report  of  Verrill  are  based  in  large  measure,  if  not  primarily,  either  upon  records  made 
by  Mr.  Edwards  himself  or  at  least  upon  material  collected  by  him.  The  descriptions 
and,  in  a  large  measure,  the  determination  of  the  species  have,  however,  been  the  work 
of  others.  It  was  found  by  us  that  Mr.  Edwards  still  possessed  copious  notes  relating 
to  the  yield  of  fish  traps,  fyke  nets,  seining  trips,  and  tow-net  collecting  which  had  never 
been  utilized;  and  that  he  had  gathered  much  material  which  had  not  yet  been  iden- 
tified. Such  records  have  been  abundantly  employed  in  the  course  of  our  work,  and, 
in  general,  Mr.  Edwards  has  been  continually  called  upon  for  information  during  the 
preparation  of  the  faunal  catalogue.  Indeed,  one  of  the  motives  which  originally 
prompted  its  compilatiob  was  a  desire  to  incorporate  in  a  permanent  form  the  valuable 
but  still  unpublished  data  in  the  possession  of  this  indefatigable  collector  and  observer. 

From  time  to  time  notes  of  value  have  been  contributed  by  various  investigators 
belonging  to  the  local  scientific  colony,  who  have  become  experts  upon  one  or  another 
group  of  animals  or  plants;  and  in  certain  cases  considerable  manuscripts  have  been 
furnished  us,  notably  by  Messrs.  W.  R.  Coe,  J.  A.  Cushman,  W.  C.  Curtis,  C.  W.  Hargitt, 
hynds  Jones,  Edwin  Linton,  J.  P.  Moore,  A.  L.  Treadwell,  and  C.  B.  Wilson.  Likewise  a 
card  catalogue,  which  had  been  formerly  maintained  by  the  Marine  Biological  I^aboratory 
as  a  receptacle  for  ecological  notes,  was  put  at  our  disposal  by  the  director  of  that  labora- 
tory, and  a  considerable  number  of  these  data  were  found  to  be  relevant  to  our  purposes. 
Mr.  George  M.  Gray,  the  curator  of  the  same  institution,  has  also  responded  liberally  to 
the  numerous  queries  which  we  have  put  to  him,  and  thus  we  have  profited  to  a  large 
degree  from  his  wide  experience  as  a  collector.  At  the  commencement  of  the  present 
undertaking  the  practice  was  encouraged,  among  investigators  in  the  Fisheries  Labora- 
tory, of  recording  the  results  of  collecting  trips  of  any  sort  or  of  observations  or  dis- 
coveries which  they  might  make  by  chance  relating  to  local  ecology.  Later  a  printed 
form  was  devised  whereby  such  random  records  could  be  entered  upon  single  cards. 

Finally,  although  it  was  no  part  of  the  Survey,  as  at  first  planned,  to  include  the 
littoral  or  intertidal  zone,  it  was  thought  desirable  to  carry  on  a  certain  amount  of  careful 
shore  collecting  in  order  to  obtain  definite  local  records  for  the  catalogue.  With  this  in 
view,  parties  from  the  laboratory  visited  Nobska  Beach  and  Point,  Great  Pond,  Tashmoo 
Pond,  Vineyard  Haven,  Lagoon  Pond,  Katama  Bay,  Cedar  Tree  Neck,  Menemsha  Bight, 
Tarpaulin  Cove,  Robinsons  Hole,  Nantucket  Harbor,  No  Mans  Land,  West  Falmouth 
Harbor,  Scraggy  Neck,  Wareham  River,  New  Bedford  Harbor,  and  Round  Hill  Point. 
No  such  exhaustive  inventory  was  made  at  these  shore  stations  as  was  the  case  with  the 
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dredging  work,  and  lists  of  the  aggregate  fauna  and  flora  at  these  points  were  not  pre- 
pared; but  definite  records  of  occurrence  were  obtained  in  some  cases  where  previously 
only  general  statements  had  been  given,  and  the  range  of  some  species  was  extended  in 
an  interesting  manner. 

The  territory  covered  by  the  "census"  was  the  entire  "Woods  Hole  Region/'  to  use 
a  rather  indefinite  and  much  misused  expression.  This  term,  in  the  present  work,  is 
employed  in  a  quite  arbitrary  sense,  as  judged  from  the  viewpoint  of  zoogeography. 
Generally  speaking,  the  Woods  Hole  Region  has  been  held  to  include  the  entire  area  of 
sea  and  of  littoral  readily  available  for  collecting  purposes  from  Woods  Hole  as  a  base. 
Of  course  such  an  area  comprises  a  great  diversity  of  conditions,  and  supports  a  most 
diverse  fauna  and  flora.  In  compiling  the  census  the  criterion  generally  employed  in 
admitting  or  rejecting  species  was  as  follows:  Records  were  admitted  from  pdnts 
extending  from  Newport  on  the  west  to  Chatham  and  Sankaty  Head  upon  the  east. 
Narragansett  Bay,  except  that  portion  in  the  immediate  vicinity  of  Newport,  was 
excluded;  but  the  whole  of  Buzzards  Bay,  Vineyard  Sound,  and  Nantucket  Sound  were 
included,  together  with  the  ocean  shores  of  Marthas  Vineyard  and  Nantucket  and  the 
adjacent  ocean  area  southward  to  the  20-fathom  line.  It  is  not  a  part  of  our  present 
purpose  to  define  and  delimit  the  Woods  Hole  Region  for  future  investigators.  There  is, 
of  course,  no  such  r^;ion  geographically  speaking.  Unfortunately  this  term,  and  even 
the  name  Woods  Hole  itself,  have  been  used  by  various  writers  in  an  extremely  mis- 
leading sense.  Certain  species  have  been  listed  in  published  records  as  taken  at  "Woods 
Hole"  which  we  know  to  have  come  from  considerable  distances.  In  the  case  of  certain 
fishes,  indeed,  it  is  quite  evident  that  they  were  bathysmal  species,  collected  at  great 
depths  and  far  from  land. 

The  second  part  of  our  undertaking  ccnnprises  the  systematic  dredging  operations 
which  were  conducted  during  the  stunmers  of  1903,  1904,  and  1905,  together  with 
supplementary  work  carried  on  during  the  four  following  seasons.  This  project  has 
been  very  generally  referred  to  as  the  "Biological  Survey  of  the  Woods  Hole  Region," 
and  this  term  is  a  convenient  one,  provided  that  too  much  is  not  implied  by  it;  for 
this  has  obviously  been  a  biological  survey  in  a  rather  limited  sense.  Neither  the 
plankton  nor  the  exclusively  Uttoral  (intertidal)  fauna  and  flora  are  included  within 
the  scope  of  the  operations  in  question,  though  abundant  data  relating  to  these 
are,  of  course,  included  in  the  "census." 

The  Survey,  in  this  restricted  sense,  has  been  confined  to  Vineyard  Sound  and 
Buzzards  Bay,  with  the  exception  of  one  day's  dredging  at  Crab  Ledge,  near  Chatham. 
The  Crab  Ledge  records,  having  been  made  with  nearly  the  same  degree  of  care  and 
thoroughness  as  those  made  in  strictly  local  waters,  have  been  included  within  the 
limits  €xf  the  present  report,  though  otherwise  they  would  not  have  been  r^arded  as 
relevant  to  it.  As  will  appear  later,  this  procedure  has  made  possible  some  most  inter- 
esting and  instructive  comparisons. 

During  the  early  explorations  of  Verrill  in  the  waters  adjacent  to  Woods  Hole 
little  system,  or  at  least  little  r^;ularity,  seems  to  have  been  employed  in  the  choice  of 
dredging  stations.  Certain  lines  were  followed,  it  is  true,  whose  position  appears  to 
have  been  known  with  some  definiteness,  and  the  dredge  was  lowered  at  more  or  less 
regular  intervals.  These  stations  all  appear  upon  the  chart  which  accompanies  his 
report  (The  Invertebrate  Animals  of  Vineyard  Sound) ;  but  there  is  little  if  any  reference 
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to  specific  stations  in  the  text  of  that  report.  Prom  the  earliest  days  of  the  United 
States  Pish  Commission,  when  naval  tugs  and  other  small  Government  craft  had  to  be 
reqnisttaooed  to  meet  the  needs  of  its  scientific  exfrforaticms,  down  to  the  days  of  the 
Fish  Hawk  and  Albatross,  it  has  been  the  custom  to  record  serially  numbered  drec^;ing 
stations,  with  the  bearings,  depth,  and  other  data  by  which  each  spot  could  be  identified. 
Prom  time  to  time  lists  of  these  stations  have  been  published  (Smith  and  Rathbun,  1862; 
Sanderson  Smith,  1889).  Thus  far,  however,  no  lists  have  ever  been  offered  showing 
the  total  array  of  species  found  at  the  various  stations,  nor  has  the  distribution  of  a 
single  species  been  described  in  detail  or  plotted  out  graphically  for  local  waters. 
Whether  or  not  the  data  necessary  for  such  an  undertaking  were  ever  gathered  in  the 
past,  they  have  never  been  published,  and  those  earlier  records  are  scarcely  available  at 
present. 

For  this  reason  it  seemed  desirable  to  repeat  the  earlier  ^x|doration  of  the  shallower 
waters  in  the  vicinity  of  Woods  Hole,  in  an  endeavor  to  deal  with  certain  proUems  more 
intensively  than  has  ever  been  done  before.  A  systematic  survey  of  the  bottom  of 
Vineyard  Sound  and  Buzzards  Bay  was  accordingly  planned,  with  a  view  to  shdwing 
(i)  the  aggregate  fauna  and  flora  associated  together  at  each  point  dredged;  (2)  the 
detailed  distribution  of  each  species  which  was  found;  and  (3)  the  depth,  chareMcter  of 
bottom,  temperature,  etc.,  which  might  explain  the  observed  facts  of  (fistribution. 
The  incidental  discovery  of  new  species  would,  of  course,  be  welcomed,  though  this  was 
not  the  primary  object  of  the  investigation. 

In  the  dredging  work  the  steamers  Fish  Hawk  and  Phalarope  were  chiefly  employed, 
'^^^h  the  former  vessel  much  larger  dredges  could  be  used,  and  the  position  of  the  stations 
could  be  determined  more  accurately.  The  Phalarope,  on  the  other  hand,  having  a 
smaller  draft  and  being  more  wieldy,  could  be  emplo3red  in  shallower  waters.  This  vessel 
was  consequently  the  one  used  for  the  inshore  work,  both  in  the  Bay  and  the  Sound, 
though  the  still  smaller  Blue  Wing  was  employed  on  a  few  occasions. 

Three  types  of  dredging  appamtus  were  employed  by  us.  (i)  The  beam  trawl,  of 
which  descriptions  and  figures  may  be  found  in  several  previous  reports  of  the  United 
States  Fish  Commission  (Verrill,  1883;  Tanner,  1884,  1897).  The  trawls  employed  in 
the  present  work  were  quite  diminutive  in  comparison  with  those  used  in  commercial 
trawling,  having  a  beam  length  (width  of  aperture)  of  from  6  to  9  feet,  and  a  depth  of 
net  not  much  exceeding  10  feet.  This  appliance  can  be  employed  to  best  advantage  on 
a  level  bottom  of  hard  sand  or  fine  gravel,  upon  which  the  lead  line  fits  closely.  It  is 
well  adapted  to  scraping  up  the  larger  mollusks,  fishes,  Crustacea,  echinoderms,  algae, 
etc.,  which  lie  upon  the  surface,  but  not  to  penetrating  the  sand  or  gravel;  and  it  conse- 
quently fails  to  disturb  those  forms  which  burrow  in  even  a  slight  degree.  For  this 
reason,  and  because  oi  the  large  size  of  its  meshes,  the  beam  trawl  was  commonly  not 
employed  alone;  but  a  dredge  of  the  next  type  was  ordinarily  appended  to  the  lower 
end  of  the  bag. 

(2)  The  ordinary  naturalists'  dredge,  of  the  type  originally  devised  by  O.  F.  MOller 
(see  Verrill,  1883;  Tanner,  1884,  1897;  Agassiz,  1888).  This,  as  is  well  known,  con- 
sists (rf  a  heavy,  rectangular,  iron  frame,  to  which  is  fitted  the  mouth  of  a  bag  of  stout 
netting.  In  the  commoner  pattern  the  two  longer  sides  of  the  frame  consist  of  sharp, 
outwardly  flaring  edges,  adapted  to  cutting  into  the  sand,  gravel,  or  mud;  and  the 
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dredge  is  practically  certain  to  drag  in  such  a  way  that  one  or  the  other  of  these  edges  is 
lowermost. 

A  modification  of  this  type  of  dredge  which  was  freely  used  during  the  present  work 
was  the  "  rake  dredge/'  which  differs  from  the  ordinary  pattern  in  possessing  heavy  teeth 
along  the  cutting  edge.  The  frame,  in  both  t3rpes,  is  fitted  with  two  heavy  movable 
iron  arms,  to  which  the  dredge  line  is  attached.  Commonly  a  comparatively  light  rope 
was  fastened  to  one  of  these  handles,  so  that  in  case  an  obstruction  was  encountered 
this  line  might  part  and  allow  the  dredge  frame  to  free  itself  without  escaping  altogether. 
The  dredge  net  was  protected  from  tearing  by  a  sheathing  of  heavy  canvas,  which  was 
attacl^  to  the  frame  outside  of  the  net  and  formed  a  bag,  open  at  the  lower  end.  The 
netting  commonly  employed  in  these  dredges  had  a  ^-inch  or  a  i-inch  mesh^  in  the 
upper  portion,  while  the  lower  end  was  quite  closely  woven.  Such  meshes  were  likely 
to  retain  not  only  the  ston^,  shells,  and  the  great  majority  of  living  organisms,  but 
even  considerable  quantities  of  the  bottom  materiaL  Pine  loose  sand,  however,  and  in 
less  d^;ree  mud,  were  likely  to  be  washed  out  almost,  completely  during  the  reeling  in 
of  the  dredge  line.  Where  such  bottoms  were  encountered,  the  canvas  sheathing  of  the 
dredge  was  frequently  tied  up  at  the  lower  end,  or  sometimes  a  simple  canvas  ba^  alone 
(mud  bag)  was  attached  to  the  frame.  During  the  last  season,  of  the  regular  dredging 
work  (1905)  the  mud  bag  was  nearly  always  employed  in  connection  with  the  beam 
trawl.  It  is  obvious  that  a  much  fairer  bottom  sample  could  be  collectec)  in  this  way. 
The  dimensions  of  the  frame  in  the  type  most  commonly  used  during  the  Fish  Hawk 
dredging  were  12  by  22  inches.  A  smaller  size  (8  by  16  inches)  was,  however,  some- 
times used  in  the  Phalarope  and  Blue  Wing  work. 

(3)  The  third  type  of  dredge  employed  was  the  "oyster  dredge."  This  was  inter- 
mediate in  size  between  the  beam  trawl  and  the  scrape  dredge  and  was  very  heavily 
constructed,  being  well  adapted  to  use  upon  rocky  bottoms.  The  scraping  edge  at  the 
mouth  of  this  implement  was  armed  with  powerful  spikes  or  teeth,  designed  to  dig  deeply 
into  the  sand  or  gravel.  The  bag  of  the  dredge  was  made  up  of  iron  rings,  linked 
together  after  the  fashion  of  chain  armor.  In  order  to  retain  the  smaller  organisms, 
this  chainwork  bottom  was  commonly  lined  with  fine  netting.  The  oy^er  dredge  was 
employed  on  bottoms  too  stony  for  the  other  appliances,  or  where  it  was  desired  to 
penetrate  more  deeply  beneath  the  surface. 

The  Fish  Hawk  is  a  steam  vessel  having  a  length  of  146  feet  at  the  water  line,  or 
of  156  feet  over  all,  a  beam  of  27  feet,  and  a  draft  of  about  7  feet.  She  carries  adequate 
machinery  for  the  reeling  in  of  heavy  dredges,  and  despite  her  limited  speed  and  imsea- 
worthy  construction  is  an  extremely  serviceable  vessel  for  scientific  operations  in  quiet 
waters.  A  full  description  of  the  Fish  Hawk  has  already  been  given  by  Tanner  (1884), 
and  therefore  need  not  be  repeated  here. 

The  material  taken  by  the  Fish  Hawk  dredges  was  commonly  emptied  into  a  series 
of  trays,  constituting  the  table  sieve  of  Verrill  and  Chester  (Verrill,  1883),  having  graded 
meshes,  the  coarser  ones  naturally  being  uppermost.  After  a  superficial  examination 
and  preliminary  search  for  specimens  a  stream  of  salt  water  was  played  upon  the  mate- 
rial, and  the  sand,  mud,  and  small  unattached  organisms  were  thus  washed  into  the 

•  These  measurements  refer  to  the  "stretched"  mesh.    Such  meshes  would  be  i  hich  or  |  hich  square  when  open. 
16269** — Bull.  31,  pt  I — 13 2 
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underlying,  smaller-meshed  trays.  The  contents  of  each  tray  were  examined  in  turn, 
according- to  a  S)rstem  to  be  described  later. 

The  Tanner  sounding  apparatus «  was  employed  at  each  of  the  Fish  Hawk  stations, 
together  with  the  Sigsbee  "water  specimen  cup,"  and  the  Negretti-Zambra  thermometer. 
Thus  the  temperature  and  density  were  recorded,  as  well  as  the  depth  of  the  water. 
It  was  later  realized,  however,  that  the  figures  for  temperature  and  density  obtained 
during  the  regular  dredging  operations  were  not  sufficiently  exact  for  the  purposes  of 
the  work,  and,  likewise,  that  no  fair  comparison  would  be  possible  of  the  different 
waters  in  the  region  tmless  we  possessed  a  set  of  determinations  which  had  been  made 
nearly  or  quite  simultaneously  throughout  its  entire  extent.  For  this  reason  a  new  set 
of  temperature  and  density  observations,  taken  with  standardized  instruments  and 
within  the  briefest  period  possible,  was  made  after  the  completion  of  the  dredging 
work.  Such  determinations  were  repeated  several  times  at  intervals  of  a  few  months, 
so  that  the  seasonal  conditions  are  now  pretty  well  known.  These  will  be  discussed  in 
a  later  section. 

The  position  of  the  vessel  was  determined  in  the  earlier  part  of  the  work  by  means 
of  an  azimuth  compass  located  on  the  roof  of  the  deck  house,  just  abaft  the  pilot  house. 
Bearings  were  taken  upon  two,  sometimes  three,  landmarks,  usually  lighthouses.  This 
was  commonly  done  just  before  the  lowering  of  the  dredge.  The  "station,"  as  re- 
corded on  the  chart,  was  thus  the  point  where  the  dredge  haul  commenced,  while  the 
direction  and  amount  of  the  drift  was  estimated  rather  roughly.^  Later,  tripods  were 
erected  upon  a  number  of  Coast  Survey  triangulation  points  and  sextants  were  employed 
in  locating  the  ship's  position.  Angles  were  taken  simultaneously  by  two  observers, 
one  of  whom  found  the  angular  distance  between  X  and  Y,  the  other  that  between 
Y  and  Z.  The  position  of  the  vessel  was  determined  both  at  the  beginning  and  at  the 
end  of  the  dredge  haul,  and  frequently  at  one  or  two  intermediate  points.  Thus  upon 
the  maps  the  later  stations  in  Vineyard  Sound  appear  not  as  single  circles  but  as  straight 
or  curved  lines,  at  intervals  in  which  are  to  be  found  the  points  (a,  b,  c,  etc.)  at  which 
sextant  readings  were  taken. 

The  Phalarope  is  a  steam  vessel,  originally  designed  as  a  yacht,  having  a  length  of 
82  feet  at  the  water  line,  or  of  92  feet  over  all,  and  a  beam  of  16  feet.  She  draws  7X 
feet  of  water,  and  her  average  speed  is  probably  about  1 1  knots.  The  Phalarope  carries 
no  dredging  machinery  and  is  not  permanently  equipped  for  this  work.  In  landing  the 
dredge  a  small  derrick  was  employed,  this  being  operated  by  hand  power.  The  contents 
were  emptied  upon  a  special  movable  platform  built  over  the  forward  cabin.  A  set  of 
sieves  was  employed  similar  in  principle  but  smaller  than  those  used  on  the  Fish  Hawk. 
With  this  vessel  the  use  of  the  beam  trawl  was  impracticable,  and  even  the  oyster  dredge 
was  too  heavy  to  be  employed  very  frequently,  though  it  was  used  to  advantage  under 
certain  conditions.  The  second  type  of  dredge  mentioned  above  was  therefore  the 
principal  one  employed. 

Since  the  Phalarope  dredging  was,  for  the  most  part,  done  within  a  quarter  of  a 
mile  from  land,  it  was  found  to  be  possible  to  locate  the  stations  with  a  fair  degree  of 
accuracy  by  reference  to  features  of  the  shore.  Bearings  upon  lighthouses  were  not 
commonly  practicable,  nor  indeed  were  they  believed  to  be  especially  desirable.  The 
soundings  indicated,  with  sufficient  precision,  the  distance  from  land,  and  the  direction 

a  For  descriptions  and  figures  see  Tanner  (1884. 1897). 
b  Thb  last  has  been  omitted  from  tlie  1903  records. 
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of  various  landmarks  was  noted.  An  ideal  degree  of  accuracy  in  locating  these  stations 
might  have  been  attained  through  the  sacrifice  of  much  time  and  effort,  but  it  is  doubtful 
whether  the  scientific  value  of  this  report  would  thereby  have  been  greatly  enhanced. 

In  the  case  of  both  vessels  the  same  general  procedure  was  adopted  in  respect  to 
the  listing  and  the  preservation  of  material.  One  or  more  of  the  authors  of  this  report 
accompanied  each  dredging  trip,  and  one  or  several  assistants  were  detailed  from  the 
laboratory  staff.  On  many  occasions  specialists  interested  in  particular  groups  of 
organisms  accompanied  us  on  these  expeditions  and  participated  in  the  identifications. 
The  more  obvious  and  easily  recognizable  species  were  listed  on  the  spot,  mention  being 
made  of  their  relative  abundance  and  other  facts  of  interest.  These  observations  were 
dictated  to  an  assistant.  At  the  same  time  samples  of  the  sand,  stones,  mud,  seaweed,  etc, 
and  any  sp>ecimens  concerning  which  the  least  doubt  was  entertained  were  preserved,  with 
a  record  of  the  station  from  which  they  came.  This  material  was  later  sorted  over  in  the 
laboiatory  and  further  species  were  identified  and  listed.  Those  concerning  which  there 
wsis  still  any  doubt  were  bottled  and  subsequently  referred  to  the  proper  specialists. 
Formalin  was  commonly  employed  for  fishes,  mollusks,  coelenterates,  and  worms,  alcohol 
(after  the  earlier  dredgings  at  least)  being  generally  used  for  Crustacea,  bryozoa,  and 
echinoderms,  the  calcareous  parts  of  which,  as  is  well  known,  are  damaged  by  formalin. 

The  authors  of  the  zoological  section  of  this  report  early  familiarized  themselves 
with  a  large  proportion  of  the  commoner  species  encountered,  including  the  great 
majority  of  larger  animals,  and  after  a  few  preliminary  safeguards  it  was  believed  that 
any  one  of  us  could  identify  these  with  a  fair  approach  to  certainty.  Minute  organisms, 
or  any  which  required  careful  study  before  they  could  be  specifically  determined,  were 
either  subjected  to  careful  examination  in  the  laboratory  by  the  authors  themselves,  or, 
more  commonly,  were  reserved  for  reference  to  one  or  another  of  the  taxonomic  experts 
who  have  assisted  us. 

Acknowledgment  must  here  be  made,  accordingly,  to  the  specialists  who  have 
given  their  services,  in  most  cases  without  any  remuneration,  to  the  task  of  identif3dng 
the  Survey  collections.  The  following  deserve  mention:  Dr.  Paul  Bartsch  (mollusks), 
Dr.  R.  P.  Bigelow  (decapods),  Dr.  H.  L.  Clark  (echinoderms),  Prof.  W.  R.  Coe  (nemer- 
teans).  Dr.  J.  A.  Cushman  (Foraminifera,  Porifera,  Ostracoda),  Dr.  W.  H.  Dall  (mollusks), 
Dr.  B.  W.  Evermann  (fishes).  Dr.  J.  H.  Gerould  (sipunculids).  Prof.  C.  W.  Hargitt 
(coelenterates).  Prof.  S.  J.  Holmes  (amphipods).  Dr.  B.  W.  Kunkel  (amphipods).  Prof. 
F.  M.  MacFarland  (nudibranch  mollusks).  Dr.  J.  P.  Moore  (annelids).  Prof.  C.  C. 
Nutting  (hydrozoa).  Dr.  H.  A.  Pilsbry  (barnacles).  Miss  M.  J.  Rathbun  (decapods), 
Dr.  Harriet  Richardson  (isopods),  Prof.  W.  E.  Ritter  (simple  asddians),  Mr.  R.  W. 
Sharpe  (copepoda).  Dr.  W.  G.  Van  Name  (compound  ascidians).  The  part  played 
by  each  of  these  specialists  will  be  referred  to  in  connection  with  the  various  divisions 
of  the  animal  kingdom.  A  few  insects,  most  of  which  were  taken  during  the  shore  and 
brackish-water  collecting,  were  identified  by  a  number  of  entomologists  in  the  National 
Museum. 

In  the  case  of  certain  groups  it  was  found  impossible  to  obtain  any  assistance  from 
previously  trained  specialists,  or  at  least  to  the  extent  needed  for  the  complete  identi- 
fication of  our  collections.  In  such  cases  it  became  nece^ry  for  one  or  another  of  the 
authors  of  this  report  to  acquire  a  certain  degree  of  mastery  of  the  group  in  question. 
This  has  been  true  particularly  of  the  Bryozoa,  Cirripedia,  Amphipoda,  Isopoda,  and 
Pycnogonida. 
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The  identification  of  the  first-mentioned  group  of  organisms  was  undertaken  by 
Dr.  Osbum,  who,  as  a  result,  has  been  led  to  the  preparation  of  a  synopsis  of  the  Bryozoa  of 
this  section  of  our  coast.  Dr.  Osbum  likewise  disposed  of  the  iscqxxls  collected  by  us  after 
the  first  season's  work.  The  pycnogonids  and  a  large  proportion  of  the  amphipods  from 
our  dredgings  were  identified  by  Dr.  Cole,  while  Dr.  Sumner  has  giv^en  considerable  time 
to  an  examination  of  the  barnacles  of  the  survey.  The  study  of  the  Poraminifera, 
Porifera,  and  Ostracoda  was  first  undertaken  by  Dr.  Cushman,  while  employed  as  a 
salaried  assistant  in  the  Woods  Hole  Laboratory  during  the  progress  of  the  survey.  In 
respect  to  the  second-named  group,  his  identifications  are  admittedly  somewhat  tentative. 

The  determination  of  the  marine  algae  was  carried  out  by  Prof.  B.  M.  Davis  and  Miss 
Lillian  MacRae,  one  or  both  of  whom  accompanied  nearly  every  dredging  expedition 
belonging  to  the  regular  series.  Doubtful  cases  were  referred  to  Mr.  P.  S.  Collins,  to 
whom  our  thanks  are  likewise  due  in  this  place. 

Various  types  of  printed  cards  and  other  blank  forms  have  been  employed  in  the 
course  of  this  work,  (i)  A  large  sheet  i2>^  by  i6  inches,  of  which  an  incomplete  repro- 
duction appears  below.  Upon  this  were  transcribed  the  original  dredging  records,  made 
in  the  field  and  in  the  laboratory.^  The  array  of  species  for  each  station  was  here  given, 
together  with  various  relevant  notes. 

This  form  was  drawn  up  and  adopted  before  the  commencement  of  the  dredging 
operations  and  before  the  requirements  were  definitely  known.  Experience  has  very 
naturally  suggested  changes.  The  columns  headed  "Sexual  condition,''  ''Age  or  size,"  and 
''Special  habitat''  might  better  be  dispensed  with,  since  such  data  can  only  be  properly 
recorded  for  eadi  drexlge  haul  separately,  and  the  column  headed  "Total"  is  lil^ wise  of 
no  use.  Purthermore,  there  should  have  been  ten  columns  instead  of  five  devoted  to 
dredging  stations,  since  more  than  five  dredge  hauls  were  commonly  made  during  a 
single  day's  work.  It  might  also  be  worth  while,  in  another  edition  of  these  sheets  for 
local  use,  to  print  the  names  of  the  species  which  occur  most  frequently  in  the  lists. 
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•  The  copyinf  of  these  records  was  largely  the  work  of  Messrs.  D.  W.  Davis  and  Max  Morse. 
ft  In  the  form  actually  used  there  was  space  for  a  large  number  of  species. 


Digitized  by 


Google 


BIOLOGICAL  SXmvEY  OP  WOODS  HOLB  AND  ViaNITY.  21 

(2)  From  an  analysis  of  these  large  sheets  the  distribution  of  each  species  was 
ascertained.  The  list  of  stations  for  each  of  these  species  was  recorded  serially  upon 
large  blank  cards  5  by  8  inches  in  size.  Here  were  entered,  along  with  each  station 
number,  the  abundance,  where  stated,  or  any  item  of  interest  which  had  been  noted  in 
the  original  records.**  These  cards,  under  each  major  group,  were  arranged  alphabetic- 
ally and  kept  for  reference.  The  distribution  of  each  species  by  stations  could  thus 
be  determined  on  a  moment's  notice. 

(3)  A  sheet  8  by  11  inches  in  size  was  devised,  having  the  headings  indicated 
herewith.  This  was  intended  either  for  use  in  abstracting  data  from  various  pub- 
lished records,  or  for  the  entry  of  information  furnished  directly  by  observers.  A 
single  sheet  was  devoted  to  each  species  so  listed,  and  the  printed  headings  are  self- 
explanatory.    These  sheets  were  padded  in  blocks  of  50  each. 

Record  Blank  for  Notss  Upon  IfiCAh  Spbobs. 

Observer's  name 

Name,  specific 

Name,  popular  or  local 

Relative  abundance i 

Distribution,  geographical  (stafte  any  locality  where  species  is  known  to  occur) 

Distribution,  seasonal  (with  exact  dates,  in  case  of  rarer  species) 

Habitat  (host,  if  a  parasite) 

Reproduction  (sexual  condition,  breeding  habits,  etc.) 

Fbod 

Method  oi  collecting 

EooiDomic  data 

References  in  literature  (to  local  occurrence  only) 

Remarks  (any  ecological  or  other  data  of  interest.    May  be  continued  on  back) 

(4)  A  rather  elaborate  system  of  cards  was  devised  for  recording  in  permanent  form 
the  summarized  data  derived  from  all  of  the  sources  detailed  previously.  Separate  cards 
4  by  6  inches  in  size  were  printed,  with  headings  corresponding  to  each  of  the  subdivisions 
of  the  sheet  just  described  (3).  The  name  card  was  of  heavier  material  and  provided 
with  a  projecting  index  margin,  or  "tab"  intended  to  bear  the  specific  name.  Thus  a 
complete  record  for  a  single  species  would  consist  of  1 1  cards,  although,  as  a  matter  ol 
fact,  this  munber  would  seldom  be  used,  owing  to  the  lack  of  certain  data.  In  addition, 
a  heavy  red  index  card  was  provided  for  each  family,  and  a  blue  one  for  each  class.  A 
large  mass  of  data  was  transcribed  upon  these  cards  in  typewriting,  but  it  must  be 
confessed  that  the  system  was  found  to  have  serious  faults  in  practice.  In  the  first  place, 
it  was,  as  should  have  been  foreseen,  too  cumbersome.  In  the  second  place,  data  were 
entered  on  diflferent  cards  which  should  not  have  been  separated.  For  instance,  "  rela- 
tive abundance"  should  not  commonly  be  separated  from  "geogmphical  distribution," 
since  it  oft/en  happens  that  a  species  may  be  abtmdant  in  one  locality  and  very  rare  at 
others.  The  phrase  ** scarce  to  abundant"  does  not  describe  such  a  situation  with 
sufficient  precision.  In  a  similar  manner  "habitat"  and  "season,"  or  date,  should  be 
included  with  each  individual  entry  of  the  occurrence  of  a  species.  The  total  number  of 
cards  per  species  should  evidently  be  greatly  reduced.  Nevertheless,  the  system,  even 
as  described,  served  a  useful  purpose  during  the  preparation  of  this  report;   and  it  is 

•The  burdensome  Usk  of  tranfcribing  these  records  was  carried  out  with  great  care  and  precision  by  Mr.  C.  V.  HorriO. 
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recommended  that  a  simplified  card  catalogue  be  maintained  at  the  laboratory  in  the 
future  for  the  reception  of  further  data  as  they  accumulate.  Such  a  system,  if  piopeiiy 
cared  for,  would  furnish  a  receptacle  for  fragmentary  notes  and  records  which  otherwise 
would  be  lost. 

(5)  For  occasional  or  random  observations  by  local  observers  a  provisional  mode  of 
entry  was  adopted  and  another  type  ci  card,  uniform  in  size  with  the  last,  was  printed  for 
the  purpose.  This  card,  although  likewise  ci^)able  ci  improvement,  pioved  to  be 
extremely  useful. 

We  trust  that  the  following  explanations  and  admissions  win  not  be  coostmed  as  an 
apology  for  the  results  herein  ofiFered.  Without  such  a  frank  ccmfession  of  the  limita- 
tions oi  our  work  and  of  the  difficulties  encountered,  we  should  expose  oorsdves  to  the 
criticism  of  making  pretensions  which  have  not  been  realized.  It  is  only  fair  to  our- 
selves that  we  should  disarm  such  criticism  as  is  based  upon  the  assumption  that  we  have 
enjoyed  greater  facilities  and  opportunities  than  was  actually  the  case.  Moreover, 
fairness  and  scientific  accuracy  demand  that  there  be  a  dear  separation  between  those 
of  our  results  which  we  regard  as  deariy  established  and  those  which  are  to  be 
r^;arded  as  merely  probable.  The  reader's  confidence  in  what  we  trust  are  really  sub- 
stantial and  valuable  acquisitions  should  not  be  shaken  by  the  discovery  of  various 
undeniable  sources  of  error  and  uncertainty. 

The  fact  must  be  emphasized  at  the  outset  that  the  work  of  the  Survey,  with  a  few 
important  exceptions,  was  restricted  to  the  summer  months.  The  vessels  employed 
were  commonly  available  not  earlier  than  July  i  and  not  later  than  September  i.  This 
is  likewise  the  period  during  which  those  immediately  in  charge  <rf  the  dredging  opera- 
tions were  free  for  work  of  this  sort.  Without  exception,  the  bicdogical  staff  was  con- 
stituted by  university  or  college  men — instructors  or  graduate  students — ^who  were 
busily  occupied  in  their  teaching  or  their  studies  for  about  nine  months  of  the  year. 

From  these  circumstances  there  has  resulted  a  two-fold  limitation  of  the  work. 
First,  with  respect  to  the  dredging  results,  we  can  only  ofiFer  a  record  of  midsunmier 
conditions;  second,  it  is  obvious  that  neither  as  much  work  nor  as  high  a  d^;ree  ci  prepa- 
ration can  be  expected  of  a  staff  thus  constituted  as  from  one  composed  of  naturalists 
permanently  engaged  in  pursuits  of  this  sort.  We  must  confess  in  aH  frankness  that  we 
found  it  necessary  in  large  degree  to  develop  our  own  methods  through  experierKe, 
and  that  the  earher  dredging  operations  are  to  be  regarded  as  in  large  measure  practice 
work.  This  fact,  however,  has  been  recognized  by  the  authors  throughout,  and  for  this 
reason  the  field  of  these  earlier  labors  was  explored  later  with  far  greater  care  and 
thoroughness. 

Due  allowance  must  hkewise  be  made  for  the  fact  that  those  of  us  who  listed  and 
sorted  the  dredging  material  in  the  field  and  in  the  laboratory  make  no  pretensioos  to 
being  universal  naturalists  having  a  ** speaking  acquaintance"  with  practically  every 
spedes  of  animal  and  plant  likdy  to  be  encountered  by  us.  We  will  add  the  further 
admission  that  on  many  occasions  no  one  of  the  party  thus  employed  was  a  recognized 
authority  upon  a  single  group  of  animals,  considered  from  the  standpoint  of  taxorx>my. 
But  this  state  of  affairs  has  resulted,  we  believe,  almost  wholly  in  errors  of  omissioti, 
many  of  which  have  been  subsequently  rectified.  At  the  outset  we  familiarized  our- 
sdves  with  those  spedes  which  were  readily  recognizable,  and  endeavored  to  learn  in 
just  what  cases  confusion  was  possible   and  special   care  necessary.    The  advice  erf 
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various  systematic  zoologists  who  happened  to  be  at  the  laboratory  was  constantly  sought. 
Spedmens  from  each  dredge  haul  oi  sdl  species  concerning  which  any  doubt  was  believed 
to  be  possible  were  brought  back  to  the  laboratory  for  further  examination,  and  were 
commonly  bottled  for  reference  to  specialists.  Some  confusion  of  species  probably 
occurs  in  the  records  here  presented,  especially  those  derived  from  the  earliest  dredging 
work;  but  we  believe  these  cases  to  be  few,  and  we  have  endeavored  to  indicate  such 
possibilities  in  their  proper  place  in  the  records.  Moreover,  the  supplementary  dredging 
trips  to  be  mentioned  below  have  removed  many  of  these  ambiguities. 

Cases  of  omission  are  doubtless  present  in  great  frequency,  and  many  of  them  would 
have  been  inevitable  under  the  most  favorable  circumstances.  Microscopic  organisms 
were  entirely  overlooked.  The  Poraminifera  were  collected  and  listed  during  only  one 
of  the  seasons  in  which  the  original  ''stations''  were  dredged.  The  smallest  Crus- 
tacea and  worms,  and  in  fact  minute  organisms  in  general,  were  undoubtedly  over- 
looked in  very  large  measure.  Certain  forms  were  regularly  neglected  during  the  earlier 
portions  of  the  work,  but  were  later  sought  for  and  preserved,  after  our  attention  had 
been  called  to  them  by  special  students  of  the  organisms  in  question.  This  was  particu- 
larly true  of  some  of  the  more  minute  hydioids,  Bryozoa,  amphipods,  and  Annulata. 
The  charts  representing  the  distribution  of  such  forms  would  consequently  be  misleading 
unless  this  fact  were  taken  into  consideration.  The  apparent  absence  of  a  species  through- 
out a  wide  area  would  not  in  such  cases  imply  its  actual  absence.  But  here  again  we 
have  indicated  such  possibilities  in  the  discussions  of  the  various  groups.  In  a  large 
proportion  of  cases  an  example  of  a  doubtful  species  was  preserved  from  each  station 
at  which  it  occurred.  Sometimes,  however,  a  single  specimen  was  chosen  as  representa- 
tive of  a  considerable  number  of  stations.  This  proved  to  be  a  dangerous  practice. 
It  has  sometimes  happened  (most  often,  perhaps,  in  the  case  of  encrusting  Bryozoa  and 
of  certain  small  mollusks)  that  the  representative  sample  proved  to  comprise  two  or  more 
species.  The  identity  of  the  species  which  had  been  taken  at  the  other  stations  was,  of 
course,  rendered  uncertain.  Such  ambiguities  are  duly  noted  in  the  records,  as  also 
other  possible  sources  of  error  and  confusion. 

Again,  certain  misleading  results  have  arisen  from  the  differences*  in  the  dredges 
employed  at  various  points.  So  far  as  these  relate  to  the  character  of  the  bottom  they 
will  be  discussed  under  that  head.  It  need  only  be  pointed  out  here  that  the  beam 
trawl  alone  would  bring  up  no  bottom  sample  except  occasional  stones,  and  would  thus 
miss  most  of  the  organisms  except  the  larger  algae  and  such  animals  as  crawl  upon  the 
bottom  or  at  least  project  considerably  above  its  surface.  On  the  other  hand,  the  scrape 
dredge  alone,  on  account  of  its  small  aperture,  would  commonly  miss  the  fishes  and 
other  actively  swimming  organisms,  and,  indeed,  would  have  a  much  smaller  chance 
of  gathering  in  any  of  the  forms  which  dwell  freely  on  the  bottom.  The  burrowing 
species,  however,  or  such,  at  least,  as  do  not  burrow  deeply,  would  commonly  be  cap- 
tured. At  the  majority  of  the  Fish  Hawk  stations,  as  already  stated,  the  two  were 
used  together  or  in  succession. 

During  the  earlier  part  of  the  work  the  bottom  material  (sand,  gravel,  shells,  etc.) 
was  not  searched  with  sufficient  care,  and  considerable  numbers  of  species  were  doubtless 
overlooked  for  this  reason.  Later  more  careful  methods  were  adopted,  such  as  have 
already  been  described. 
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Errors  have  doubtless  crept  in  during  the  copying  and  tabulating  of  the  reoMxIs. 
It  will  be  readily  appreciated  that  the  clerical  work  herein  involved  was  enormous  and 
that  it  was  necessary  to  intrust  much  of  it  to  assistants.  Although  methods  of  cor- 
roboration and  verification  were  commonly  employed,  and  while  we  believe  the  records 
to  be  reasonably  free  from  errors  of  this  sort,  instances  have  been  discovered  (rf  regret- 
table carelessness  on  the  part  of  certain  assistants  employed  during  the  earlier  stages 
of  the  work.  But  the  total  number  of  such  cases  is  in  all  probability  proportionately 
very  small;  and  they  commonly  can  not  seriously  vitiate  the  results,  since  the  most  fre- 
quent errors  made  have  been  the  transpositions  of  the  records  of  adjacent  stations. 
In  no  case  can  such  a  mistake  have  resulted  in  assigning  to  the  fauna  of  our  r^on  a 
species  which  has  not  been  found  here,  or  even  in  the  confusion  of  records  from  widely 
different  points  within  the  area  dredged. 

And,  finally,  it  must  be  pointed  out  that  even  our  highest  authorities  are  not  infal- 
lible and  that  they  do  not  in  all  cases  appear  to  have  been  consistent  in  the  determina- 
tion of  species. 

But  after  making  all  these  admissions — and  honesty  demands  that  they  should  be 
made — ^we  insist  emphatically  upon  the  substantial  accuracy  of  the  results  herein  pre- 
sented. We  have  made  due  allowance  for  the  various  sources  of  error  and  have,  in  many 
cases,  been  able  to  correct  them  by  supplementary  work.  Indeed,  during  every  season 
since  the  conclusion  of  the  original  survey  dredging  trips  have  continually  been  made 
with  a  view  to  rectif5dng  specific  errors.  To  what  degree  these  supplementary  dredg- 
ings  confirm  the  earlier  results  and  to  what  degree  they  reveal  inaccuracies  or  omissions 
will  be  pointed  out  later.  We  have  been  most  fortunate  in  having  the  active  coopera- 
tion of  more  than  a  dozen  sjrstematic  naturalists  of  high  standing,  without  whose  assist- 
ance, indeed,  this  work  would  have  been  utterly  impossible. 

While,  then,  more  and  better  work  could  have  been  done  under  ideal  but  impossible 
conditions,  we  think  that  no  apology  is  necessary  in  offering  the  results  already  accom- 
plished. We  are  able  to  portray  with  a  fair  approach  to  accuracy  the  detailed  distribu- 
tion of  a  large  number  of  species  of  plants  and  animals  and  are  able  to  portray  with  less 
completeness  the  distribution  of  a  much  greater  number.  We  have  been  able  to  correlate, 
in  a  large  number  of  cases,  the  peculiarities  of  distribution  with  peculiarities  in  the 
character  of  the  bottom  or  with  the  temperature  of  the  water,  and  to  compare  in  an  inter- 
esting way  the  distribution  patterns  of  closely  related  species.  And,  finally,  we  believe 
that  we  have  laid  a  foundation  upon  which  others  may  build  in  the  future.  And  here  a 
few  words  as  to  the  needs  of  the  future  may  not  be  out  of  place.  As  it  does  not  seem 
likely  that  those  who  have  been  most  active  in  the  present  undertaking  will  be  able  to 
devote  much  more  of  their  time  to  it,  we  venture  to  offer  the  following  tentative  program 
to  our  possible  successors: 

(i)  A  repetition  of  this  entire  dredging  work  after  the  lapse  of  lo  or  20  years 
would  be  highly  desirable.  We  should  recommend  relatively  less  attention  to  Vineyard 
Sound  and  relatively  more  to  Buzzards  Bay.  This  later  work  could  doubtiess  be  accom- 
plished more  rapidly  than  was  done  in  the  present  case.  The  mistakes  and  failures  of 
the  present  report  could  perhaps  in  considerable  measure  be  rectified.  Such  a  repe- 
tition of  the  present  survey  would  not  improbably  reveal  interesting  changes  in  the 
occurrence  of  various  species,  and  it  doubtiess  would  result  in  supplementing  and  cor- 
recting our  rather  experimental  labors. 
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(2)  Seasonal  changes  in  the  fauna  and  flora  shotild  be  determined  by  observations 
throt^hout  the  year. 

(3)  A  more  definite  system  <rf  classifying  bottom  deposits  is  desirable.    (See  p.  30-32 .) 

(4)  Temperature  and  density  records  should  be  taken  throughout  the  entire  region 
for  every  month  of  the  yesLT, 

(5)  The  intertidal  and  the  pelagic  fauna  and  flora  should  receive  the  same  detailed 
attention  as  has  been  accorded  to  the  bottom-dwelling  species. 

(6)  The  limits  of  the  area  dredged  should  be  extended  from  the  mouth  of  Bui:zards 
Bay  and  Vineyard  Sound  out  to  the  25-fathom  line,  and  farther  if  practicable.  Such 
work  as  has  already  been  done  points  to  the  possibility  that  the  limits  of  distribution  of 
a  considerable  number  of  species  would  be  successively  encotmtered  as  the  work  was 
extended  outward.  We  should  likewise  predict  in  full  confidence  a  greater  and  greater 
predominance  of  such  northern  types  as  just  enter  Vineyard  Sound  and  Buzzards  Bay. 

We  hope  that  such  a  program  may  be  carried  out  in  the  future.  Much  of  it  could 
only  be  accomplished,  it  is  true,  by  the  establishment  of  a  permanent  scientific  staff  at 
the  Bureau's  Woods  Hole  Laboratory.  Our  hope,  therefore,  embraces  this  feature 
likewise. 

The  senior  author  of  this  report,  as  director  of  the  Woods  Hole  Laboratory,  has  had 
general  supervision  of  the  Biological  Survey  from  its  inception,  including  executive  man- 
agement, selection  of  assistants,  correspondence  with  specialists,  etc.  Upon  him,  also, 
•  has  fallen  the  duty  of  compiling  the  results  and  of  writing  the  entire  report,  excepting 
that  portion  devoted  to  the  marine  algae.  The  latter  has  been  prepared  by  Dr.  Davis. 
On  the  other  hand,  both  Dr.  Osbum  and  Dr.  Cole  have  played  an  essential  part  in  this 
undertaking,  and  are  fully  entitled  to  rank  as  joint  authors. 

During  the  summer  of  1903,  in  which  the  Fish  Hawk  alone  was  used  for  the  Survey 
dredgings,  the  field  work  and  subsequent  disposition  of  the  zoological  material  were  in 
direct  charge  of  Dr.  Sumner  and  Dr.  Osbum.  In  1904  the  Fish  Hawk  dredging,  after  a 
few  preliminary  trips,  was  in  charge  of  Dr.  Cole,  who  was  likewise  largely  responsible  for 
the  identification  of  the  material  collected  by  that  vessel.  During  the  latter  season  the 
inshore  dredging  with  the  Phalarope  was  commenced,  and  this,  almost  from  the  outset, 
was  in  charge  of  Dr.  Osbum,  who  identified  a  large  proportion  of  the  specimens  and  drew 
up  the  records  for  these  trips.  During  the  summer  of  1905  practically  the  same  arrange- 
ments were  continued,  Dr.  Osbum  superintending  the  work  of  the  Phalarope  and  Dr. 
Cole  that  of  the  Fish  Hawk.  Thus  the  two  last-named  members  of  the  staff  have  been 
responsible  for  about  four-fifths  of  the  field  work  during  the  first  three  seasons  of  the  Sur- 
vey dredging,  together  with  a  proportional  amount  of  the  task  of  identifying  the  zoolog- 
ical specimens,  while  perhaps  one-fifth  of  this  is  to  be  credited  to  Dr.  Sumner.  This 
estimate  leaves  out  of  consideration  the  services  of  the  botanists  of  the  staff,  Dr.  Davis 
and  Miss  MacRae,  who  participated  in  the  field  work  during  the  second  and  third  sea- 
sons of  the  survey. 

The  supplementary  dredging  trips  of  later  seasons  were  in  charge  of  different  mem- 
bers of  the  laboratory  staff,  according  to  the  nature  of  the  material  sought.  During 
the  summers  of  1907  and  1908  Messrs.  D.  W.  Davis  and  C.  B.  Beimett  were  each  detailed 
for  duty  on  the  Fish  Hawk  for  a  considerable  number  of  days,  with  instmctions  to  search 
for  and  preserve  all  material  belonging  to  certain  specified  groups.    The  sorting  and 
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subsequent  disposition  of  these  specimens  feU  to  the  lot  of  Dr.  Sumner.  The  tempera- 
ture and  density  determinations  of  August,  1907,  were  conducted  by  Mr.  D.  W. 
Davis,  the  series  of  November,  1907,  and  of  March  and 'June,  1908,  being  carried  out 
by  Dr.  Sumner.  The  temperatture  records  of  August,  1909,  for  Nantucket  Sound  and 
Crab  Ledge  were  obtained  by  Dr.  Osbum  and  Dr.  Cote.  The  systematic  shore  collect- 
ing already  referred  to  was  almost  wholly  in  charge  of  the  two  last-named  persons,  each 
supported  by  a  number  of  assistants  detailed  from  the  laboratory,  while  a  careful 
examination  of  the  fauna  of  certain  brackish  ponds  of  the  r^;ion  was  undertaken  by 
Dr.  E.  D.  Congdon. 

A  really  complete  list  of  those  who  are  entitled  to  rank  as  collaborators  in  the 
work  of  the  Survey  or  in  the  preparation  of  this  report  would  include  a  larger  number 
of  names  than  could  well  appear  upon  the  title-page.  Our  indebtedness  to  Mr.  Vinal 
Edwards  has  already  been  expressed,  and  the  services  of  certain  assistants  have  been 
acknowledged  in  the  discussion  of  various  phases  of  the  work.  No  inconsiderabte  credit 
for  such  success  as  has  attended  our  efforts  must  be  given  to  the  commanders  of  the 
vessels  employed  during  the  dredging  operations.  Especial  mention  must  be  made  of 
the  able  services  of  Boatswain  James  A.  Smith,  United  States  Navy,  and  Lieut.  Franklin 
Swift,  United  States  Navy,  commanding  in  successive  years  the  steamer  Fish  Hawk, 
and  those  of  Mr.  Robert  N.  Veeder,  commanding  the  Phalarope. 

A  list  has  already  been  given  of  those  who  have  aided  in  the  determination  of 
species,  and  reference  has  been  made  to  the  fact  that  certain  of  these  experts  accom- 
panied many  of  the  dredging  expeditions,  or  at  least  examined  the  material  immedi- 
ately after  its  arrival  at  the  laboratory.  Thus  Messrs.  Bigelow,  Cushman,  Hargitt, 
and  Moore,  and  Misses  Rathbun  and  Richardson  were  each  present  at  the  Woods  Hole 
Laboratory  during  one  or  more  of  the  seasons  devoted  to  the  Survey  operations. 

Acknowledgment  must  here  be  made  of  the  cordial  cooperation  and  willing  help  <rf 
the  foregoing  persons  and  a  number  of  others  throughout  the  preparation  of  this  report. 
Each  portion  of  the  annotated  list,  or  ''catalogue,*'  has  been  refeired  to  a  specialist  for  the 
revision  of  the  nomenclature.  In  the  main,  the  list  given  on  page  19  might  be  repeated 
with  the  following  qualifications:  To  Dr.  Dall  has  been  referred  the  portion  of  our  list 
relating  to  the  MoUusca,  with  the  exception  of  the  nudibranchs  and  the  PyramidelBdae, 
concerning  which  Dr.  F.  M.  MacFarland  **  and  Dr.  Paul  Bartsch,  respectively,  have 
been  consulted.  To  Miss  Rathbtm  alone  we  have  referred  the  manuscript  relating  to 
the  local  decapods;  to  Prof.  Hargitt  alone  that  relating  to  the  coelenterates;  and  to 
Dr.  Holmes  alone  the  list  of  amphipods.  Certain  specialists  not  hitherto  named  have 
likewise  been  kind  enough  to  criticize  the  classification  and  nomenclature  in  the  case 
of  various  groups  not  represented  in  the  dredging  collections.  Those  deserving  mention 
are:  Dr.  G.  M.  Allen  and  Dr.  L)^ds  Jones  (birds),  Prof.  G.  N.  Calkins  (Protozoa,  other 
than  Foraminifera),  Prof.  Edwin  Linton  (parasitic  flat  worms  and  round  worms),  Mr. 
R.  W.  Sharpe  (free  living  copepods).  Dr.  Leonhard  Stejneger  (reptiles).  Dr.  F.  W.  True 
(mammals).  Prof.  C.  B.  Wilson  (parasitic  copepods). 

In  the  case  of  certain  minor  groups  the  authors  of  the  report  must  themselves 
assume  responsibility  for  the  nomenclature  employed,  this  being  based  upon  the  best 
published  work  available.  Some  discussion  will  be  devoted  to  the  subject  of  classi- 
fication and  nomenclature  in  the  section  dealing  with  the  annotated  list. 

o  Dr.  MacFarland  has  gone  so  iar  as  to  i>reparc  for  us  a  synopsis  of  considerable  length,  including  the  Woods  Hole  nudibranchs. 
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From  October,  1906,  to  December,  1909,  the  senior  author  of  this  report  was 
almost  continuously  in  residence  at  Woods  Hole,  engaged  in  the  task  of  compiling  the 
data  and  preparing  the  results  for  publication.  The  great  amount  of  skilled  clerical 
work  herein  involved  has  been  largely  performed  by  Miss  Edith  Chapman  and  Mr. 
James  W.  Underwood,  whose  patience  and  conscientiousness  throughout  these  monot- 
onous labors  deserve  ample  recognition.  For  the  accuracy  of  each  step  in  the  task  of 
compilation,  however,  the  senior  author  makes  himself  fully  responsible.  The  manu- 
script of  the  present  report  has  been  read  over  and  discussed  by  all  of  the  authors  and 
is  to  be  regarded  as  expressing  our  substantially  harmonious  views. 

The  next  chapter  will  consist  of  a  preliminary  discussion  of  the  various  physical 
factors  which  affect  the  marine  fauna  and  flora  of  the  region.  A  chapter  will  then  be 
devoted  to  a  statistical  analysis  of  the  results  of  the  Survey,  as  well  as  of  the  census 
of  animal  species.  Next,  the  various  groups  of  animals  will  be  discussed  separately 
and  in  greater  detail.  Following  this  an  attempt  will  be  made  to  interpret  some  of 
the  phenomena  herein  discussed,  and  to  show  the  bearing  of  our  results  upon  some  of 
the  broader  problems  of  biology.  There  will  then  follow,  in  order  of  arrangement,  a 
list  of  the  regular  dredging  stations  of  the  Survey,  the  faunal  distribution  charts  and 
the  physical  and  geographical  charts. 

Section  n  will  consist  of  a  presentation  of  the  chief  results  on  the  botanical  side, 
followed  by  the  distribution  charts  for  the  marine  algae.  Sections  iii  and  iv  will 
comprise  the  faunal  and  floral  catalogues  or  annotated  lists.  Rather  full  bibliographies 
have  been  appended,  comprising  works  relating  to  the  occurrence  of  the  various  ani- 
mal and  plant  species  at  Woods  Hole. 

There  would  have  been  much  in  favor  of  considering  the  fauna  and  flora  together 
throughout  the  present  report,  and  particularly  in  the  general  discussions  relating  to 
distribution.  Since,  however,  the  day  of  the  universal  naturalist  has  passed,  and  since 
each  one  of  us  must  content  himself  with  being  either  a  zoologist  or  a  botanist,  it  has 
not  seemed  practicable  to  throw  together  the  discussion  of  the  entire  ** biota"  of  the 
region.  The  botanical  portions  of  the  work,  as  well  as  the  field  work  upon  which  they 
have  largely  been  based,  represent  the  labors  of  botanists  who  haVe  worked,  to  a  con- 
siderable degree,  independently  of  the  zoologists  of  the  staff.  Thus  we  have  thought 
it  advisable  to  present  the  results  as  far  as  possible  separately.  This  arrangement 
likewise  corresponds  to  the  difference  in  authorship  between  the  two  main  subdivisions 
of  the  work. 

The  introductory  chapter,  together  with  that  upon  environmental  conditions,  are, 
however,  just  as  essential  to  an  understanding  of  the  botanical  data  as  of  the  zoological, 
and  the  geographical  and  physical  charts  are  likewise  equally  related  to  both  subdivisions 
of  the  report.  Thus  the  entire  report  is,  in  a  sense,  a  unit,  and  indeed  the  zoological 
and  botanical  members  of  the  staff  have  conferred  to  a  considerable  extent  during  its 
preparation. 
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Chapter  II.— GEOGRAPHICAL  AND  PHYSICAL  CONDITIONS. 

1.  GEOGRAPHY. 

The  general  geographical  features  of  the  region  may  be  seen  at  a  glance  by  reference 
to  charts  223,  224,  and  225**.  Vineyard  Sound  has  a  length  of  from  15  to  17  nautical 
miles,  depending  upon  the  limits  arbitrarily  chosen,*  and  a  width  of  from  3  to  6  nautical 
miles.  Its  main  axis  bears  from  northeast  to  southwest.  The  southeastern  boundary  is 
constituted  by  the  island  of  Marthas  Vineyard,  the  northwestern  by  the  Elizabeth  Islands 
and  for  a  short  space  by  the  mainland  of  Cape  Cod.  At  its  eastern  end  Vineyard  Sound 
passes  imperceptibly  into  the  far  wider  Nantucket  Sound,  while  to  the  westward  it 
opens  freely  to  the  Atlantic  Ocean.  It  is  connected  with  Buzzards  Bay  by  a  series 
of  narrow  straits,  of  which  Woods  Hole  is  a  type.  Through  them  the  tidal  currents  are 
very  swift.  These  straits  separate  the  Elizabeth  Islands  from  the  mainland  and  from 
one  another.  There  are  no  streams  of  any  consequence  emptying  into  either  Vineyard 
Sound  or  Nantucket  Sound. 

Leaving  out  of  consideration  certain  shoals  and  the  zone  immediately  adjacent  to 
the  shore  line,  the  depth  throughout  Vineyard  Sound  ranges  between  6  and  18  fathoms, 
most  soundings  lying  between  10  and  15  fathoms.  There  is  in  no  sense  a  progressive 
deepening  of  the  water  as  we  pass  toward  the  western  end  of  the  Sound,  although  some 
of  the  greatest  depths  (18  fathoms^)  occur  in  the  vicinity  of  Gay  Head  and  Cuttyhunk. 
At  least  one  sounding  as  great  as  this  has,  however,  been  made  back  of  Middle  Ground 
Shoal,  and  depths  as  great  as  17  fathoms  occur  at  more  than  one  point  in  the  eastern 
half  of  the  Sound.  As  a  rule,  the  lo-fathom  line  runs  within  a  half  mile  from  shore, 
though  mention  must  be  made  of  an  elongated  shoal  reaching  well  toward  the  middle 
of  the  Sound  and  extending  throughout  about  half  its  length.  This  is  known  at  its 
eastern  end  as  the  Middle  Ground,  the  opposite  end  being  called  Lucas  Shoal.  In  the 
former  portion  the  water  may  be  no  deeper  tuan  4  feet  or  less  in  depth  at  mean  low  tide. 

Buzzards  Bay  has  a  length  of  about  25  nautical  miles,  as  measured  from  the  railway 
station  known  as  Buzzards  Bay  to  the  Hen  and  Chickens  Shoal.  Its  main  axis  is  nearly 
parallel  to  that  of  Vineyard  Sound,  from  which  it  is  separated  throughout  the  lower 
half  of  its  length  by  the  Elizabeth  Islands.  Elsewhere  it  is  bounded  by  the  mainland  of 
Massachusetts.  At  its  northern  end  and  along  its  entire  western  side  the  shore  line  of 
Buzzards  Bay  is  very  irregular,  being  indented  by  a  considerable  number  of  estuaries, 

a  These  and  other  geographic  and  hydrographic  charts  used  in  the  present  report  are  the  work  ci  Mr.  W.  P.  Hill,  formerly 
draftsman  in  the  Bureau  dl  Fisheries. 

A  The  region  explored  during  our  dredgings  extends  a  short  distance  into  what  would  probably  be  commonly  regarded  a* 
belonging  to  Nantucket  Sound,  though  there  is,  of  course,  no  definite  line  of  division  between  the  two. 

c  Our  own  soundings  give  19)  fathoms  at  one  point  (Fish  Hawk  station  7683),  while  the  greatest  depth  indicated  on  the  Coast 
Survey  chart  for  Vineyard  Sound  is  18  fathoms  at  mean  low  tide.  Perhaps  the  phase  of  the  tide  is  partly  accountable  for  this 
difference;  perhaps  it  rests  upon  an  error  of  observation.  The  depth  recorded  by  us  for  station  768a  (19  fathoms)  is  quite  likely 
due  to  an  error.  Otherwise  no  serious  discrepancies  have  been  detected  between  the  Fish  Hawk  soundings  and  those  of  the 
Coast  Survey.  In  general  our  soundings  (Fish  Hawk  and  Phalarope),  while  not  always  taken  with  great  care,  are  believed  to 
be  close  enough  approximations,  especially  when  the  variability  in  depth  throughout  the  extent  of  the  Bay  and  the  Sound  are 
considered. 
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ifliidi  penetrate  deeply  into  the  mainland.  Some  cS  these,  as  will  be  shown  later, 
furnish  considerable  quantities  of  fresh  water  at  certain  times  of  the  year.  The  depth 
of  Buzzards  Bay  beyond  the  "adUttoral''  zone  (see  p.  179)  ranges  from  3  fathcMxis  near 
its  bead  to  18  or  more  fathoms  at  its  mouth.  About  a  mile  west  of  Penikese  Island 
occurs  a  deep  hole  only  recently  charted.  Here  a  depth  of  24  fathoms  has  been  found, 
this  being,  so  far  as  known,  the  deepest  sounding  obtainable  within  a  distance  of  10  miles 
or  more  fnnn  land.  Throughout  most  of  its  extent,  however,  Buzzards  Bay  is  much 
diallower  than  Vine)rard  Sound,  and  a  depth  of  10  fathoms  is  seldom  or  never  encoun- 
tered except  near  its  lower  end. 

The  conditions  existing  in  Buzzards  Bay  and  Vineyard  Sound  can  not  be  understood 
without  reference  to  the  adjacent  features  of  the  coast  and  the  ocean.  The  tidal  cur- 
rents, as  well  as  the  character  of  the  water,  are  doubtless  influenced  by  the  proximity 
to  the  westward  of  Narragansett  Bay  and  Long  Island  Sound.  From  the  mouth  of 
Vineyard  Sound  the  Atlantic  Ocean,  throughout  an  arc  of  about  120°,  extends  for  an 
indefinite  distance  uninterrupted  either  by  land  or  by  shoals.  The  depth,  on  the  whole, 
increases  very  gradually,  the  *' continental  shelf*'  extending  out  to  a  distance  of  over 
75  miles  to  the  southward  of  Gay  Head,  where  the  loo-fathom  line  is  encountered. 
Shortly  thereafter  an  abrupt  descent  commences.  South  of  Marthas  Vineyard  the 
20;fathom  line  Ues  10  miles  or  more  o£F  shore,  and  the  distance  increases  as  we  pass  to 
the  westward.  South  of  Narragansett  Bay,  however,  it  sends  a  long  slender  loop  in  a 
northeasterly  direction  toward  the  mouth  of  Vineyard  Sound,  reaching  a  point  within 
about  6  miles  of  Gay  Head. 

To  the  east  and  southeast  of  Woods  Hole  the  geographical  conditions  are  peculiar, 
and  are  highly  important  in  determining  the  nature  of  the  fauna  and  flora  on  this  part 
<tf  the  coast.  The  peninsula  of  Cape  Cod,  together  with  the  two  large  islands  to  the 
southward,  inclose  a  broad,  shallow  body  of  water — Nantucket  Sound.  This  attains  a 
high  temperature  during  the  summer  months,  and  doubtless  in  large  degree  influences 
the  temperature  of  Vineyard  Sound,  with  which  its  waters  mingle  freely  as  a  result  of 
ti<kd  currents  (p.  36).  It  is  possible,  also,  as  has  been  held  by  certain  writers,  that  Cape 
Cod,  together  with  Nantucket  and  its  associated  shoals,  constitute  a  barrier  which 
deflects  a  well-defined  cold  ocean  current  away  from  the  mainland  of  the  cpntinent. 
Whether  or  not  this  is  true,  it  is  an  undoubted  fact  that  the  coastal  water  temperatures 
to  the  east  and  north  of  Cape  Cod  are  much  lower  during  the  summer  months  than 
are  those  immediately  to  the  south  of  it.  The  resulting  faunal  differences  will  be  dis- 
cussed elsewhere,  and  the  temperature  conditions  will  likewise  be  considered  more  fully 
in  another  place. 

2.  CHARACTER  OF  THE  SHORES  AND  BOTTOMS. 

The  dominant  feature  of  the  shores  and  bottoms  along  this  section  of  the  coast  is 
the  glacial  d6bris.  Although  the  main  outlines  of  the  land  topography  of  this  region 
may  be  pregladal,  as  Shaler  (1898)  contends,  there  are  extensive  morainal  deposits 
upon  Nantucket,  Marthas  Vineyard,  and  the  Elizabeth  Islands,  as  well  as  on  neighboring 
parts  of  the  mainland.  Indeed,  a  large  part  of  the  local  shore  line  and  sea  bottom  still 
consists  of  practically  unaltered  glacial  boulders  and  gravel,  which  have  been  subjected 
for  only  a  comparatively  brief  period  to  erosion  and  transportation  by  waves  and  cur- 
rents.    Even  the  Middle  Ground  in  Vineyard  Sound  is  regarded  by  Shaler  as  ''a  bit  of 
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submerged  land  topography,"  and  not  as  the  creation  of  currents  acting  upon  shifting 
sands.  Sandy  beaches  are  common  upon  the  ocean  shores  of  Marthas  Vineyard  and 
Nantucket,  where  the  surf  is  heavy  and  erosion  is  known  to  be  progressing  rapidly. 
Elsewhere  within  our  region  stones  and  gravel  are  a  characteristic  feature  of  the  shore 
line.  Commonly,  this  coarser  material  extends  down  the  beach  to  low-tide  mark  or 
beyond,  being  succeeded  by  a  gently  sloping  sand  flat,  more  or  less  interspersed  with 
scattered  stones  and  boulders.  In  places  where  the  shores  are  not  too  steep  the  stony 
belt  gives  place  on  its  landward  side  to  a  sandy  beach  of  varying  breadth,  or  the  littoral 
zonation  may  at  times  be  even  more  complex.  On  the  other  hand,  there  are  many 
tracts  of  shore  where  this  phenomenon  is  not  manifest  at  all,  the  entire  shore  and  the 
adjacent  sea  bottom,  so  far  as  visible,  being  wholly  stony.  Mud,  largely  of  organic 
origin,  occurs  in  abundance  in  bays  and  inclosed  waters  which  are  not  swept  by  tidal 
currents. 

At  certain  points  within  our  area  pregladal  formations  have  become  exposed. 
As  the  most  conspicuous  instances  of  this  we  may  dte  the  diflfs  of  colored  clay  at  Gay 
Head  and  the  outcroppings  of  granitic  rock  in  the  vicinity  of  New  Bedford  Harbor.  These 
last  represent  a  formation  *'  which  probably  in  large  part  constitutes  the  foundation  rocks 
beneath  the  sea  and  under  the  islands  which  lie  to  the  north  of  Marthas  Vineyard." 
(Shaler,  1888,  p.  323.)  This  formation  is  the  probable  source,  according  to  Shaler,^of 
the  glacial  bowlders  of  Marthas  Vineyard.  Passing  reference  may  be  made  here  to 
Shaler's  hypothesis  that  Buzzards  Bay  and  Vineyard  Sound  each  represents  the  sub- 
merged valley  of  a  former  river.  It  does  not  lie  within  the  province  of  this  report, 
however,  to  consider  the  various  problems  relating  to  local  geology.** 

As  regards  bottom  characters,  Vineyard  Sound  and  Buzzards  Bay  stand  in  striking 
contrast  to  one  another.  In  the  former,  stones,  gravel,  and  sand  predominate;  in  the 
latter,  mud.  These  diflFerences  are  very  readily  explained.  Vineyard  Sound  is  con- 
stantly swept  by  strong  tidal  currents,  which  prevent  the  accumulation  of  fine  deposits 
except  in  sheltered  bays,  such  as  Tarpaulin  Cove  and  Menemsha  Bight.  Buzzards  Bay, 
on  the  other  hand,  being  open  only  at  the  lower  end,  is  not  subjected  to  such  a  thorough 
scouring  by  the  tides  (see  p.  37),  and  here,  therefore,  large  deposits  of  mud  occur,  as. 
indeed,  they  do  at  all  points  on  the  sea  bottom  off  shore  at  depths  which  are  beyond  the 
influence  of  currents.  Moreover,  there  open  into  Buzzards  Bay  a  number  of  rather 
large  estuaries,  which  doubtless  furnish  much  of  the  material  which  becomes  deposited 
as  mud.  It  has  been  shown  that  silt  so  fine  as  to  remain  for  a  long  period  in  suspension 
in  fresh  water  is  soon  precipitated  when  mixed  with  sea  water.  (Allen,  1899,  p.  380.) 
Thus  it  is  evident  that  a  considerable  part  of  the  suspended  material  from  the  brackish- 
water  estuaries  which  empty  into  the  northern  and  western  parts  of  Buzzards  Bay  must 
settle  to  the  bottom  before  it  can  be  transported  to  any  great  distance. 

One  of  the  data  recorded  at  each  dredging  station  was  the  nature  of  the  bottom 
so  far  as  revealed  by  the  sample  brought  up.  The  classification  was  a  very  rough  one, 
and  it  must  be  freely  confessed  that  it  could  have  been  greatly  improved.  The  follow- 
ing were  the  principal  ingredients  recognized:  (i)  Sand;  (2)  gravel  (referred  to  as 
"pebbles"  when  fine);  (3)  stones;  (4)  shells;  (5)  mud.  These  ingredients  occurred 
singly  or  in  almost  any  combination. 

a  The  reader  is  referred  to  Sluder't  two  papers  already  dted. 
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Referring  to  the  first  three  heads,  it  must  be  stated  that  the  ordinary  glacial  drift 
of  the  region,  like  that  which  is  distributed  so  widely  elsewhere,  consists  of  a  mixture, 
in  var3ring  proportions,  of  sand,  gravel,  and  stones.  These  three  terms  are  not  employed 
in  the  same  definite  sense  as  they  are,  for  example,  by  E.  J.  Allen  (1899).  This  writer 
restricts  the  word  "sand "  to  mixtures  of  particles  the  coarsest  of  which  will  pass  through 
a  iX  i^iii^-  sieve,  the  finest  passing  through  a  %  mm.  sieve,  but  not  remaining  in  suspen- 
sion for  more  than  one  minute  in  sea  water.  Under  this  main  class  he  recognizes  three 
subdivisions.  **Gravel"  (also  subdivided  into  **fine,"  **medium,**  and  **coarse")  com- 
prises aggregations  of  particles  ranging  from  1.5  mm.  to  15  mm.  in  diameter.  Any 
inorganic  material  coarser  than  this  was  listed  by  him  as  ** stones.'*  Our  use  of  these 
terms,  though  far  less  precise  than  Allen's,  we  believe  to  correspond  more  nearly  with 
common  usage.  In  many  cases  our  **sand"  would  probably  comprise  Allen's  finer 
grade  of  *  *  gravel,"  and  our  **  gravel "  would  comprise  much  which  he  would  term  **  stones." 
Thus  stones  which  were  frequently  as  large  as  an  inch  or  more  in  diameter  were  con- 
sidered as  belonging  to  the  "gravel." 

The  truth  is  that  any  such  classification  is  arbitrary,  and,  unless  actual  measure- 
ment is  employed,  as  has  been  done  by  Petersen  and  by  Allen  and  Worth,  these  designa- 
tions must  be  extremely  ambiguous.  Moreover,  it  is  very  doubtful  whether  an  exact 
classification,  such  as  the  foregoing,  would  be  of  any  service  in  the  case  of  our  local  sea 
bottoms,  which  vary  so  much,  even  within  the  limits  of  a  single  dredge  haul.*  As  will 
be  pointed  out  later,  the  nature  of  the  methods  employed  renders  it  possible  to  state 
with  only  a  rough  degree  of  approximation  the  extent  of  the  correlation  between  the 
distribution  of  a  given  species  and  the  character  of  the  sea  floor. 

Another  source  of  diflSculty  relates  to  the  character  of  dredge  employed  at  a  given 
station.  A  canvas  bag  (p.  17)  would  retain  all  of  the  ingredients,  and  this  could  be 
washed  and  sifted  and  properly  described.  Such  a  small  bag  would  frequently  fill  almost 
immediately,  however,  and  thus  fail  to  represent  the  entire  course  of  the  haul.  During  the 
earlier  portion  of  the  work  the  sample  was  commonly  collected  by  an  ordinary  dredge 
net  having  a  very  close  mesh  at  the  bottom.  It  is  obvious  that  if  the  mixture  consisted 
of  sand  and  gravel,  much  of  the  former  might  be  lost  during  the  reeling  in  of  the  dredge 
line,  and  that  the  sample  might  be  listed  as  merdy  "gravel,"  whereas  sand  predominated 
at  the  outset.  On  the  other  hand,  a  sample  in  which  sand  predominated  was  doubtless 
at  first  often  listed  as  "sand  "  in  cases  where  careful  washing  would  have  revealed  the 
presence  of  small  proportions  of  gravel  or  shells.  The  beam  trawl,  having  no  cutting 
edge,  and  having  a  net  with  a  wide-meshed  bottom,  would  bring  up  merely  the  loose 
stones  lying  freely  upon  the  surface.  Thus  the  "stony"  bottoms  of  the  earlier  records 
may  in  some  cases  have  included  a  certain  proportion  of  sand  and  fine  gravel,  though 
such  cases  are  probably  infrequent,  since  the  beam  trawl  was  commonly  not  used  upon 
bottoms  known  to  be  stony.  Where  no  stones  appeared  in  the  trawl  net  it  was  usually 
assumed,  in  the  absence  of  data  to  the  contrary,  that  the  bottom  was  sandy.  However, 
as  already  stated,  a  small  dredge  was  generally  used  along  with  the  beam  trawl. 

a  An  idea  <^  the  variability  in  the  character  of  the  bottom  within  comparatively  narrow  limits  will  be  gained  from  constdering 
the  results  of  tome  di  our  8ux>plementary  dredgings,  in  the  course  of  which  over  100  of  the  original  stations  were  repeated  with  a 
father  rough  approach  to  accuracy.  On  comparing  in  each  instance  the  earlier  and  later  record  for  the  same  station  it  was 
found  that  in  only  14  per  cent  of  the  cases  were  identical  types  of  bottom  recorded,  while  in  only  33  per  cent  of  the  others  were 
they  substantially  identical.  In  47  per  cent  of  the  cases  the  ingredients  recorded  were  partly  the  same,  while  in  6  per  cent  they 
were  totally  different.  The  later  entries  were  as  a  rule  fuller  than  the  earlier  ones,  and  this  fact  doubtless  accounts  for  some  of 
the  differences,  but  they  are  likewise  largely  the  result  of  real  differences  in  the  bottom  passed  over. 
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Large  beds  of  nearly  pure  sand  are  without  doubt  common  in  Vineyard  Sound, 
and  are  occasionally  met  with  even  in  Buzzards  Bay.  Such  are  the  great  shoals  of 
shifting  sand  of  which  Middle  Ground  in  Vineyard  Sound  is  a  fair  sample.  These  are 
veritable  submarine  deserts,  often  being  almost  devoid  ci  life.  Despite  Shaler's  asser- 
tion that  in  Vineyard  Sound  **  the  amount  of  sand  at  the  disposition  of  the  currents  and 
waves  is  not  large/'  we  believe  that  such  transportation  is  sufficiently  active  in  some 
localities  to  be  a  determining  factor  in  distribution.  In  the  vicinity  of  Biiddle  Ground 
and  Lucas  Shoal  we  have  frequently  observed  the  water  to  be  rendered  turbid  by  sand 
and  fine  shell  fragments  which  had  been  brought  up  by  the  cturents  from  a  depth  of 
several  fathoms. 

Beds  of  dead  shells,  accompanied  by  sand,  gravel,  or  mud,  occurred  frequently, 
both  in  the  Bay  and  in  the  Sound.  These  sometimes  represented  extinct  mussel  beds, 
though  the  shells  of  Spisula  soluUssima,  Area  transversa,  Venus  mercenaria,  Veneri- 
cardia  borealis,  Astarie  castanea,  Callocardia  morrhuana,  Anamia  simplex,  Pecten  gibbus, 
and  other  lamellibranchs  sometimes  occurred  in  great  quantities.  Among  the  gastro- 
pods, Crepidula  fomicata  is  perhaps  the  only  one  which  contributed  materially  to  shell 
deposits,  although  the  shells  of  many  of  the  commoner  species,  occupied  by  hermit 
crabs,  are  frequently  taken  in  great  numbers. 

Under  "mud''  is  included  a  considerable  diversity  of  material,  differing  in  origin  and 
in  chemical  composition,  but  agreeing  in  consistency  and  in  general  appearance.  In  a 
few  cases  the  deposits  represented  upon  the  chart  by  the  conventional  shading  for  mud 
are  fairly  pure  day.  Beds  <A  this  last  material  occur,  as  is  well  known,  at  Gay  Head  and 
the  neighboring  parts  of  Marthas  Vineyard,  and  outcroppings  of  it  are  met  with  along  the 
shores  at  various  points  within  the  region.  In  the  course  of  the  dredging  clay  was  brought 
up  in  Vineyard  Sound  near  the  island  of  Cuttyhunk.  Most  of  the  mud,  however,  is 
composed  in  consideiable  part  of  organic  matter.  It  is  dark  in  color,  and  frequently  has 
an  offensive  smell.  It  may  be  either  stidcy  or  semifluid  or  it  may  contain  enough  sand  to 
alter  the  texture  visibly.  According  as  the  mud  or  sand  seemed  to  predominate  in  such 
a  mixture,  it  was  listed  as  ''sandy  mud"  or  ''muddy  sand."  Sometimes  such  mixtures 
were  called  "sand  and  mud;"  and  in  all  probability  the  sand  was  at  times  overiooked, 
and  the  deposit  was  listed  merely  as  "  mud."  Indeed,  it  is  likely  that  almost  any  sample 
of  mud,  however  pure  in  appearance,  would  be  found  upon  careful  sifting  or  decanting 
to  contain  a  certain  percentage  of  sand,  and  sometimes  small  amounts  of  fine  gravel  or 
shell  fragments. 

It  had  been  our  expectation  to  include  in  another  chapter  of  this  work  the  results  of 
petrological  and  chemical  analyses  oi  the  various  bottom  deposits,  undertaken  by  Prof. 
Gilbert  Van  Ingen,  of  Princeton  University.  Thus  far,  however,  Prof.  Van  Ingen  has 
failed  to  complete  his  report  upon  these  deposits,  and  its  publication  must  therefore  be 
deferred.  The  specimens  upoif  which  these  analyses  have  been  based  were  collected  in 
1905  during  the  third  series  of  dredgings  by  the  FUh  Hawk  in  Vineyard  Sound  and 
in  the  course  of  some  supplementary  dredging,  during  the  following  summer,  in  Buzzards 
Bay.  Satisfactory  bottom  samples  from  the  earlier  dredgings  had  not  been  preserved. 
In  the  present  instance  they  were  obtained  exclusively  by  the  use  of  a  canvas  bag,  which 
prevented  the  washing  out  of  the  finer  constituents.  The  larger  ingredients,  such  as 
stones  and  large  shells,  were  not,  however,  included  in  these  samples  preserved,  so  that 
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such  analjrses,  while  highly  valuable  as  studies  in  mineralogy,  would  not  alone  give  a 
fair  idea  of  the  respective  bottom  areas  considered  as  the  habitats  of  living  beings. 

The  chart  showing  bottom  characters  represents  rather  crudely  the  condition  of  the 
floor  of  Buzzards  Bay  and  Vineyard  Sound,  certain  conventional  modes  of  shading 
being  adopted  to  represent  the  chief  ingredients.  The  circles  having  a  composite  shading 
are  commonly  divided  into  equal  halves  or  thirds,  as  if  the  various  constituents  were 
present  in  equal  amounts.  This  results  from  the  imperfections,  in  this  regard,  of  the 
records  upon  which  this  chart  is  based.  In  the  plotting  of  these  circles,  likewise,  it  has 
been  necessary  to  adjust  the  position  of  each  to  that  of  its  neighbors,  with  the  result  that 
in  certain  cases  the  symbol  is  removed  some  distance  from  the  bottom  designated.  This 
is  particularly  true  of  the  adlittoral  (Phalarope  and  Blue  Wing)  stations. 

Excluding  a  more  or  less  narrow  adlittoral  zone,  the  bottom  area  here  portrayed 
divides  itself  into  three  main  regions :  ** 

(i)  Vineyard  Sotmd,  from  its  eastern  end  to  a  transverse  line  of  division  passing 
at  a  level  somewhere  between  Tarpaulin  Cove  and  Robinsons  Hole.  Here  the  pre- 
dominant feature  is  the  presence  of  gravel  and  stones.  This  area,  it  is  true,  contains 
one  extensive  shoal  of  sand,  the  so-called  Middle  Ground,  and  many  other  sandy  areas. 
In  the  ba3rs  mud  likewise  occurs. 

(2)  Vineyard  Sound  from  the  line  above  referred  to  to  its  western  end.  Here  the 
bottom  is  predominantly  sandy,  though  gravel,  stones,  and  mud  occur  in  places.  The 
presence  of  shell  beds  does  not,  of  course,  exclude  the  occurrence  of  an  underlying  bottom 
of  sand. 

(3)  Buzzards  Bay  as  a  whole.  Here  mud  predominates,  except  close  to  the  eastern 
shore,  and  at  the  extreme  lower  end.  The  latter  might  be  regarded  as  an  independent 
area»  but  it  seems  scarcely  large  enough  to  warrant  this. 

The  inshore  (adlittoral)  dredgings  reveal  in  many  cases  a  distinctly  different  type 
of  bottom  from  that  of  the  adjacent  deeper  waters;  and  various  restricted  areas  of  one 
or  another  kind  of  bottom  may  be  found  almost  anywhere. 

Owing  to  the  methods  employed,  it  is  evident  that  the  correlation  of  bottom  charac- 
ters with  the  distribution  of  species  can  be  indicated  with  only  rough  approximation. 
During  a  given  haul  the  dredge  passes  over  a  considerable  stretch  of  sea  floor  and  may 
collect  samples  of  several  totally  different  sorts  of  material.  Organisms  may  likewise  be 
collected  from  aU  points  in  this  path.  To  determine  by  such  means  the  kind  of  bottom 
proper  to  every  species  encountered  is  obviously  impossible.  A  species  may  appear  in 
the  records  as  coming  from  "sand,"  whereas  it  may  have  been  scraped  from  the  surface 
of  large  stones  at  any  point  during  the  haul.  Only  the  broader  correspondence  between 
the  larger  areas  in  which  certain  types  of  bottom  predominate,  and  the  general  dis- 
tribution of  the  species  in  question,  is  commonly  to  be  regarded  as  significant.  Again, 
when  certain  organisms  are  listed  from  certain  types  of  bottom,  the  inference  must  not 
always  be  drawn  that  such  bottoms  themselves  constitute  its  true  habitat.  Thus 
encrusting  Bryozoa,  which  occurs  upon  shells,  or  algae,  are  frequently  listed  from 
bottoms  of  sand  or  even  mud. 

•  These  dhriskms  do  not  coffespoad  to  those  recosnized  in  the  botanical  section  oC  this  report .    Of  the  latter  there  are  fire. 
16269°— Bull.  3i»  Pt.  I— 13 3 
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3.  CURRENTS  AND  TIDES. 

The  first  currents  which  concern  us  are  two  of  the  great  permanent  streams  which 
maintain  the  circulation  of  the  ocean,  namely,  the  Gulf  Stream  and  the  southwardly 
flowing  Labrador  Current.  Off  the  Massachusetts  coast,  the  Gulf  Stream  is  first  encoun- 
tered at  a  distance  of  about  85  nautical  miles  south  of  Marthas  Vineyard  and  Nantucket; 
that  is,  just  beyond  {he  edge  of  the  continental  shelf.  Its  distance  from  shore  varies  from 
year  to  year,  and  even  during  lesser  periods.  It  has  been  shown  by  libbey  (1895)  that 
the  Gulf  Stream,  during  this  part  of  its  course,  at  least,  presents  by  no  means  a  r^;ular 
outline  in  crosssection,  but  exhibits,  on  its  coastal  side,  a  wall  having  very  roughly  the 
contour  of  an  inverted  S.  Its  lower  boundary,  which  Libbey  identifies  approximately 
with  the  50**  (F.)  curve,  sends  a  projection  coastward  between  the  adjacent  colder  zone 
and  the  bottom,  while  at  a  higher  level  the  cold  stratum  referred  to  projects  seaward 
into  the  midst  of  the  warmer  water  <rf  the  Gulf  Stream.  (See  libbey's  fig.  1-2 1.) 
This  brings  about  the  result  that  throughout  a  narrow  strip  along  the  continental  dedivity 
the  latter  is  bathed  by  warmer  water  than  it  would  otherwise  be  exposed  to,  and  con- 
sequently supports  a  different  fauna. 

A  not  wholly  convindnjg;  illustration  of  the  dependence  of  the  fauna  of  this  section 
of  the  ocean  upon  the  chance  relations  of  these  temperature  zones  is  offered  by  the  case 
of  the  well-known  tilefish,  which  suddenly  disappeared  from  the  edge  of  the  continental 
platform  for  a  period  of  about  10  years.  (See  Collins,  1884;  Verrill,  1884;  Libbey,  1895; 
Bumpus,  1899.)  Its  extermination  was  first  revealed  by  the  presence,  during  the  spring 
of  1882,  of  enormous  numbers  of  the  dead  fishes  floating  upon  the  surface  of  the  sea 
throughout  a  belt  parallel  to  the  coast  and  about  170  miles  in  length.  At  the  same  time 
Verrill  (1884,  p.  656)  reported  the  **  scarcity  or  absence  of  many  of  the  species,  especially 
of  Crustacea,  that  were  taken  in  the  two  previous  years,  in  essentially  the  same  localities 
and  depths  in  vast  numbers — several  thousand  at  a  time."  Verrill  accounted  for  this 
wholesale  destruction  of  life  by  the  occurrence  of  a  heavy  storm,  which  he  believed  to 
have  "forced  outward  the  very  cold  water  that,  even  in  summer,  occupies  the  wide  area 
of  shallower  sea,  in  less  than  60  fathoms,  along  the  coast,  and  thus  caused  a  sudden 
lowering  of  the  temperature  along  this  narrow,  rx)mparatively  warm  zone,  where  the 
tilefish  and  the  Crustacea  referred  to  were  formerly  found."  Libbey  has  endeavored  to 
correlate  the  reappearance  of  the  tilefish,  about  1892,  with  a  change  in  the  position  of  the 
50°  curve;  and,  indeed,  the  first  successful  search  for  the  fish  after  the  catastrophe  of 
1882  was  suggested  by  the  discovery  of  changed  temperatiu-e  conditions. 

But  the  influence  of  the  Gulf  Stream  extends  much  nearer  to  the  coast  than  the 
edge  of  the  continental  shelf,  and  without  doubt  affects  our  local  faunal  conditions. 
The  presence  nearly  every  year  in  Vineyard  Sound  of  considerable  masses  of  the  Sar- 
gassum  hacciferum,  with  its  attendant  fauna,  shows  that  strong  southerly  winds  may 
drive  the  surface  water  of  the  Gulf  Stream  as  far  as  the  mainland  of  Massachusetts." 
And,  apart  from  these  occasional  and  obvious  effects,  it  is  probable  that  the  warm  current 
exerts  a  constant  influence  upon  the  coastal  waters  of  southern  New  England,  the  two 
imdergoing  a  certain  degree  of  intermingling  as  a  result  of  winds  and  tides.     Indirectly, 

•  The  prevailing  wind  during  the  summer  months  blows  from  the  southwest  quadrant.  Prom  reoocds  kept  for  five  years 
on  the  Vineyard  Sound  lightship  (Rathbun,  18S7),  southwesterly  winds  are  found  to  be  the  most  frequent  ones  during  the  months 
of  April  to  September,  inclusive.  At  Nantudcet,  also,  according  to  the  report  ol  the  Chid  dk  the  Weather  Bureau  for  1909-10^ 
the  prevailing  dircctioo  of  the  wind  from  Hay  to  September,  inchisivc.  is  southwcsL 
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also,  through  its  influence  upon  the  atmosphere,  the  Gulf  Stream  must  have  a  very 
pronounced  effect  in  tempering  the  climate  of  this  section  of  the  coast,  and  this  without 
doubt  reacts  upon  the  local  sea  areas. 

As  regards  the  presence  of  a  definite  southward-flowing  cold  current  on  the  New 
England  coast,  there  seem  to  be  decided  differences  of  opinion.  According  to  the 
prevailing  view,  the  Polar  or  Labrador  Current  may  be  detected  along  practically  the 
entire  Atlantic  coast  of  the  United  States.  A  concise  statement  of  this  view  has  been 
furnished  us  by  the  Navy  Department: 

A  cold  current  originadng  in  high  nordiem  latitudes  flows  down  past  Labrador  and  Newfoundland, 
after  which  a  portion  trends  away  toward  the  southward  over  the  Grand  Banks,  past  Nova  Scotia,  and 
on  southward  in  a  narrowing  belt  as  far  even  as  the  coast  <^  Florida.  From  Sable  Island  to  Florida 
its  course  is  in  general  parallel  to  the  Gulf  Stream,  near  which  it  presents  the  frequent  phenomenon 
of  cold  water  welling  up  from  below.  In  the  shallower  waters  <^  the  coast  this  colder  current  gives 
way  to  tidal  influences  which  prevail  to  seaward  over  a  wide  area  east  of  Nova  Scotia,  throughout  the 
entire  Gulf  of  Maine,  and  over  Georges  Bank  and  Nantucket  Shoals. 

^milar  views  are  embodied  in  a  number  of  different  publications  of  the  Hydro- 
graphic  OflSce  and  Coast  Survey  and  in  certain  Government  charts.  (E.  g.,  Current 
Chart  of  the  North  Atlantic  Ocean,  No.  1308,  pub.  1892.)  They  appear  likewise  in 
variotis  popular  accounts  and  atlases.  (See  Boguslawski,  1884,  p.  269-272;  Bogus- 
lawski.and  Rrummel,  1887,  p.  436,  437.)  This  assumption  of  a  continuation  of  the 
Labrador  Current  along  the  southern  shore  of  New  England  was  made  by  Libbey,  who 
thus  interpreted  the  temperature  relations  which  he  observed  there.  Indeed,  Libbey 
believed  that  the  line  between  the  two  currents  could  often  be  seen  from  the  deck  of  a 
vessel.  (Libbey,  1891a,  p.  236.)  Various  biologists  also,  including  Packard  and  Verrill, 
have  invoked  the  aid  of  this  northern  cturent  in  endeavoring  to  explain  certain  phe- 
nomena of  geographical  distributicm .  Verrill  (1871,  p.  258),  indeed,  believed  that  he 
found  evidences  of  an  offshoot  ci  the  Labrador  Current  extending  for  some  distance 
into  Long  Island  Sound. 

According  to  another  view  of  the  case,  the  Labrador  Current  can  not  be  traced 
farther  south  than  Newfoundland,  along  the  American  coast,  and  has  no  connection 
with  the  "cold  wall"  or  belt  of  cooler  water  l5dng  between  the  Gulf  Stream  and  the 
shores  of  the  United  States.  It  is  held  by  Schott  (1897,  p.  204-208;  see  also  Supan, 
1903,  p.  295)  that  such  southward-flowing  cold  water  as  is  found  along  the  New  Eng- 
land coast  comes  mainly  from  the  Gulf  of  St.  Lawrence;  that  the  extent  of  this  flow  is 
but  slight,  and  that  the  presence  of  the  "cold  wall''  is  largely  a  contrast  phenomenon, 
due  to  the  presence  of  the  warmer  Gulf  Stream  beyond. 

Whether  or  not  there  occurs  along  the  southern  coast  of  New  England  a  definite 
cold  current  of  any  considerable  velocity,  and,  if  so,  whether  this  current  is  a  continuation 
of  the  Labrador  Stream,  are  matters  of  subordinate  importance  for  our  understanding 
of  the  biology  of  this  region.  The  undisputed  facts  in  the  case  seem  to  be  that  there 
is  a  belt  of  relatively  cold  water  lying  between  the  Gulf  Stream  and  the  New  England 
shores,  and  that  in  summer  this  belt  has  a  temperature  very  much  lower  than  that  of 
the  waters  immediately  skirting  the  coast,  particularly  those  of  the  partially  inclosed 
bays  and  sounds,  with  whose  fauna  we  have  at  present  to  deal.  There  is  evidence,  also, 
that  north  of  Cape  Cod  this  cold  belt  reaches  the  shores  of  the  mainland  itself  and 
directly  influences  the  littoral  fauna;  while  south  of  Cape  Cod  it  lies  at  some  distance 
from  the  mainland,  though  its  presence  is  felt  upon  the  outlying  shores  of  Marthas 
Vineyard  and  Nantucket.     Referring  to  the  temperature  charts  for  the  northwestern 
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Atlantic  (charts  320,  221,  222),  it  will  be  seen  that  during  the  months  of  June  to  Sep- 
tember, inclusive,  the  waters  of  Long  Island  Sound  and  those  at  the  station  just  south 
of  Buzzards  Bay  have  a  temperature  several  degrees  higgler  than  that  of  the  first  two 
stations  to  the  eastward  of  these  points.  Farther  yet  to  the  eastward,  however,  the 
temperature  again  rapidly  rises,  owing  to  the  presence  of  the  Gulf  Stream.  The  local 
relations  will  be  discussed  more  fully  in  the  next  section  of  this  chapter. 

In  addition  to  these  great  ocean  streams,  the  local  currents  due  to  tides  are  very 
important  in  determining  the  fauna  and  flora  of  our  waters.  Tidal  currents  of  sufficient 
velodty  to  be  reckoned  with  by  mariners  occur  at  considerable  distances  ofibhore 
and,  when  deflected  and  concentrated  by  features  of  the  coast  line  or  by  shoals,  their 
velocity  may  be  very  great.  In  Woods  Hole  Passage,  for  example,  they  attain  the 
speed  of  8  miles  per  hour  at  spring  tide.  Such  rapidly  flowing  currents,  where  the 
water  is  shallow  and  the  bottom  rocky,  must  result  in  a  very  high  degree  of  oxygenation 
of  the  water.  Moreover,  a  rapid  current,  of  course,  bears  a  more  abundant  food  supply 
to  those  fixed  or  slow-moving  organisms  which  dq)end  for  their  food  upon  minute 
partides  brought  to  them  passively,  or,  as  is  the  case  with  plants,  upon  gases  or  other 
substances  in  scduticm.  Accordingly,  we  find  beds,  of  mussds  and  luxurious  growths 
of  anemones,  asddians,  hydrosoa,  br3^zoa,  and  algae  in  some  of  these  tidal  streams. 
On  the  other  hand,  tidal  and  other  currents  undoubtedly  have  a  ddeterious  influence 
upon  certain  other  organisms,  which,  through  their  agency,  may  become  buried  in  sand 
or  mud. 

But  the  most  widely  prevailing  effect  of  the  tides  locally  is  the  continual  mixing  of 
the  warmer  (in  summer),  less  dense,  and  relatively  impure  water  of  the  coast  line  with 
the  unlimited  reservoir  of  cooler  and  purer  water  offshore.  An  idea  of  the  magnitude 
ot  this  process  may  be  gained  by  considering  the  rate  of  tide  flow  in  Vineyard  Sound. 
This  is  as  high  as  2.6  knots  per  hour  in  the  middle  oi  the  diannel  at  the  time  of  maximum 
velocity  of  the  current.  It  is  stated  that  "  an  object  set  adrift  at  the  time  of  slack  before 
flood  will  be  carried  7  sea  miles  eastward  before  the  reversal  of  the  current,  and  an  object 
set  adrift  at  the  time  of  slack  before  ebb  will  be  carried  9  sea  miles  westward  before  the 
b^^iiming  of  the  flood  stream.''^  Thus  a  certain  part  of  the  water  at  least  travels  a 
distance  of  one-half  or  more  of  the  length  of  Vineyard  Sound  during  a  single  phase  of  the 
tide.  Owing  to  the  retardation  due  to  the  friction  of  the  shores  and  bottom,  the  mean 
sectional  velocity  would  perhaps  not  exceed  half  the  figures  stated  above.  Even  so, 
however,  the  water  throughout  the  entire  secticm  would  be  displaced  on  the  average  to 
the  extent  of  3K  nautical  miles  during  the  flood  phase  and  to  the  extent  of  4K  Qules  during 
the  ebb. 

There  would  thus  be  a  net  westerly  movement  of  the  water  amounting  to  about  i  knot 
during  each  complete  tidal  cycle,  or  about  2  knots  in  24  hours.  Were  this  the  only  factor 
ecHscemed,  it  would  thus  require  about  eight  days  to  completely  replace  the  water  of 
Vineyard  Sound.  In  reality  the  ocean  water  brought  in  during  the  flood  tide  constantly 
mixes  with  that  already  present  in  the  Sound,  and  this  process  of  diffii^on  must  result 
in  a  fairly  rapid  renewal  ot  the  latter,  quite  independently  of  the  transfer  of  water  result- 
ing from  the  predominance  of  the  westerly  current.  It  seems  likely,  therefore,  that  a 
week  would  much  more  than  suffice  to  bring  about  a  practically  complete  change  of 
water  in  Vineyard  Sound.    Obviously,  the  conditions  are  much  less  simple  in  reality 

A  These  data,  though  not  the  deductioos  which  have  been  drawn  from  them,  were  furnished  by  the  oflSce  of  the  Coast  and 
Geodetic  Survey.  See  also  current  diagram  for  Nantucket  and  Vineyard  Sounds,  in  U.  S.  Coast  Pilot.  Atlantic  Coast,  pt.  ni, 
p.  isa. 
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than  is  implkd  in  such  a  ccmiputation,  for  the  rate  at  renewal  is  very  different  in  different 
parts  of  the  Soimd.  The  more  central  portion  oi  the  stream  wotdd  enter  to  a  much 
greater  distance  than  that  dose  to  shore,  while  the  waters  contained  in  various  depres- 
sions of  the  bottom  (if  we  may  judge  from  temperature  considerations)  are  probably 
renewed  at  a  comparatively  slow  rate. 

In  Buzzards  Bay  the  change  is  in  all  probability  much  more  slow,  owing  to  the  fact 
that  this  body  of  water  communicates  with  the  ocean  at  one  end  only,  and  that  its  mouth 
is  very  narrow  in  proportion  to  the  total  area  of  the  Bay.  Here  there  plainly  can  be  no 
such  continuous  displacement  in  one  direction  as  was  found  to  occur  in  Vineyard  Sound, 
and  the  renewal  must  be  effected  entirely  through  the  mixture  of  waters  resulting  from 
the  ebb  and  flow  <rf  the  tide.  The  amplitude  of  the  tides  is,  however,  considerably 
greater  in  the  Bay  than  in  the  Sound.  Since  the  mean  depth  of  the  former  is  much  less 
than  that  of  the  latter,  a  proporticmally  larger  degree  of  change  must  result  from  this 
cause.  The  mean  depth  of  Buzzards  Bay,  as  computed  from  the  91  soundings  indicated 
upcm  the  chart  contained  in  the  Atlantic  Coast  Pilot,  part  in,  is  a  little  over  41  feet. 
The  average  rise  and  fall  ci  the  tide  in  Buzzards  Bay  is  about  4  feet.  Thus  the  amount 
of  water  brought  in  by  the  flood  tide  is  equal  to  about  one-tenth  of  the  total  volume 
already  contained  in  the  Bay.  To  what  degree  this  ocean  water  mixes  with  that  already 
present  in  the  Bay,  and,  conversely,  what  proportion  of  the  water  which  leaves  the  Bay 
on  the  ebb  tide  condsts  of  that  which  entered  on  the  previous  flood,  would  be  impossible 
to  determine  even  approximately.  Assuming  that  as  much  as  one-half  of  this  remains 
behind,  which  seems  an  extreme  supposition,  then  the  entire  Bay  would  require  20  tides 
or  10  days  to  effect  a  complete  renewal.  On  the  whole,  therefore,  it  seems  likely  that 
the  average  rate  at  which  the  water  is  renewed  in  Buzzards  Bay  is  not  over  half  that 
which  obtains  in  Vineyard  Sound. 

It  is  obvious,  however,  that  this  renewal  of  water  would  take  place  at  quite  different 
rates  in  different  parts  of  the  Bay.  Near  the  mouth  the  change  is  probably  much  more 
rapid  than  the  above  figures  would  imply,  while  at  its  head  the  renewal  of  water  is 
probably  far  ^wer.  Likewise  the  surface  water  is  probably  changed  at  a  much  more 
rapid  rate  than  are  the  lower  strata.  It  must  be  remembered,  also,  that  it  is  not  pure 
ocean  water  which  enters  either  the  Bay  or  the  Sound,  but  coastal  water,  which  has  been 
contaminated  during  previous  ebb  tides.  Nevertheless,  even  such  crude  estimates 
may  be  of  service  in  showing  the  relative  stagnancy  of  the  two  bodies  of  water  under 
consideration. 

A  feature  of  great  importance  in  determining  the  character  of  the  local  littoral  fauna 
and  flora  is  the  slight  amplitude  of  the  tides  throughout  the  entire  region.  A  table  will 
best  illustrate  the  amplitude  of  the  mean,  spring,  and  neap  tidesat  1 1  representative  points. 
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The  resulting  narrowness  of  the  Uttoral  (intertidal)  zone  is  a  chaiucteristic  feature  of 
the  region,  and  stands  in  decided  contrast  to  the  conditions  encountered  on  the  Maine 
coast,  where  the  average  tidal  range  is  not  less  than  lo  feet. 

4.  TEMPERATURE. 

The  surface  and  bottom  temperatures  were  recorded  for  each  of  the  regular  dredging 
stations  of  the  Fish  Hawk  and  were  entered  in  the  original  records  for  these.  It  became 
evident,  however,  that  the  methods  then  employed  were  not  sufficiently  accurate  for 
purposes  of  careful  comparison;  likewise  that  the  temperature  determinations  should  be 
taken  as  nearly  simultaneously  as  possible  throughout  the  entire  area  under  considera- 
tion. Accordingly,  new  observations  were  made  at  fotu-  different  seasons  of  the  year, 
with  standardized  instruments  and  in  accordance  with  more  precise  methods.  Density 
determinations  were  made  at  the  same  time  as  those  upon  temperature,  but  a  discusskm 
of  these  will  be  deferred  till  the  following  section. 

The  methods  pursued  in  making  the  temperature  observations  were  as  follows: 
Certain  stations  were  selected  which  were  believed  to  be  representative  of  all  sorts  of 
conditions  as  to  geographical  position,  depth,  tidal  influences,  etc.  These  were  commonly 
selected  from  among  the  reg^ar  dredging  stations  plotted  upon  the  distribution  charts, 
but  they  were  not  located  by  the  vessel  with  any  close  approach  to  accuracy.  In  a  few 
cases,  however,  other  points  were  chosen,  so  that  it  was  thought  best  to  give  a  new  set 
of  ntunbers,  or  rather  letters,  to  the  temperature  stations.  They  ranged  from  A  to  Y 
in  the  Sound  and  from  A  to  V  in  the  Bay.*  (See  chart  211.)  In  taking  the  August 
series  of  temperatures  the  Fish  Hawk  was  employed;  in  November  and  June  th^ 
Phalarope  was  used;  in  March  the  Blue  Wing.  The  bottom  temperatures  were  obtained 
¥rfth  Negretti-Zambra  thermometers,  provided  with  the  Tanner  inverting  case  (Tanner, 
1884,  p.  26) ;  and  the  instrument  was  in  all  cases  left  at  the  bottom  for  a  period  of  10 
minutes.  Our  own  and  previous  tests  (see  Kidder,  1887,  p.  203)  have  shown  that  reliable 
results  can  not  be  obtained  in  less  time.  The  thermometer  was  then  upset  by  a 
"  messenger,"  rendering  impossible  any  further  change  in  the  column  of  mercury,  except 
the  slight  expansion  or  contraction  of  the  thread  itself,  which  could  be  allowed  for 
whenever  the  water  and  air  temperature  differed  sufficiently.  The  surface  temperature 
was  taken  by  means  of  an  ordinary  thermometer  of  the  Queen  or  Tagliabue  make, 
having  a  long  scale.  Surface  water  was  drawn  in  a  dip  bucket  and  kept  in  the  shade 
while  the  thermometer  was  in  use.  When  air  and  water  temperature  differed  mudi, 
the  pail  of  water  was  changed  at  least  once  before  the  final  reading  was  made.  The 
air  temperature  was  likewise  recorded,  though  this  was  far  from  exact,  owing  to  the 
artificial  sources  of  heat  necessarily  present  on  a  steam  vessel. 

August  series, — The  first  series  of  temperature  determinations  was  made  between 
August  14  and  29,  1907.  Twenty-five  observations  in  Vineyard  Sound  were  made 
on  August  14,  15,  and  16.  The  order  followed  was  such  that  stations  scattered 
throughout  nearly  the  whole  length  of  the  Sound  were  visited  on  the  same  day.  Thus, 
differences  due  to  locality  would  not  be  confused  with  differences  due  to  meteorological 
changes.  Buzzards  Bay  was  then  covered  on  August  19  and  20,  most  of  the  stations 
being  reached  on  the  first  day.     Certain  stations  in  Vineyard  Sound  were  also  revisited 

a  Not  all  of  these  stations  were  iaduded  ia  every  series  of  observations,  while  the  greater  munbcr  of  the  Bay  stations  were 
omitted  from  the  March  a 
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on  August  20,  as  Ukewise  on  August  22;  and  stations  in  both  Vineyard  Sound  and 
Buzzards  Bay  were  visited  for  a  second,  third,  and  even  fourth  time  on  August  28  and  29. 
Thus,  while  it  is  not  possible  to  present  simultaneous  readings  throughout  all  the  waters 
under  consideration,  the  most  extreme  points  were  reached  within  a  limit  of  five  days 
(August  14-19};  and  such  supplementary  determinations  were  made  as  to  eliminate 
confusion  of  results  by  seasonal  change.  A  consideration  of  these  supplementary 
temperature  determinations,  41  in  number,  shows  that,  although  they  were  made  after 
an  average  interval  of  nine  da3rs,  the  mean  difference  (irrespective  of  sign)  between  the 
first  and  the  later  determination  was  1.8^  F.  It  will  be  noted  also  that  in  many  cases 
the  later  temperature  was  higher,  instead  of  lower,  though,  on  the  average,  it  was  fotmd 
to  be  about  -^  degree  lower.  Moreover,  a  consideration  of  the  chart  (No,  219)  repre- 
senting the  mean  annual  temperature  curves  for  the  Woods  Hole  station  shows  that  the 
variation  in  water  temperature  at  the  latter  point  during  the  entire  period  of  the  present 
observations  (August  14-29)  is,  in  this  five-year  average,  but  a  trifle  over  i®  F.  The 
variations  within  the  limits  of  a  single  day,  due  to  tidal  influences,  are  doubtless  more 
serious  sources  ot  error,  at  least  for  surface  temperatures;  but  it  was,  of  course, 
impossible  to  eliminate  these. 

TaBI«8  I.— TSlfPSRATURE  AND  DSNSrtY:  ViNBYARD  SOUND,  AUOUST,  I907. 
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Tabls  I.— TSMPSRATUKg  AND  Dsnsity:  Vinbyard  Sound,  AUGUST,  1907— Cofitiiiiied. 
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Soiiacc 
anpei 
tore. 


7X.3 
71-5 
70-3 
71.  X 
70.3 
69.5 
69.8 
70.5 
69.3 
69.8 
69.8 
67.6 
6s.« 
68.8 
66w9 
67.8 
66.8 
65.0 
67.3 
673 
65.4 
67.8 
65.8 
66.9 
64.8 
64.8 
6a.7 


Sttftaoe 
deaeity 

(atx$*C.) 


67.93 


i.o«a6 


I.OM3 
x.oe35 

x.oa34 
x.oa36 
z.o«34 
z.OMO 
z.o«37 
1. 0*34 
x.ot3a 
z.ot37 
i.o«33 
i.oa35 
x.oa37 
1. 0934 
«.o*35 
i.ot35 
i.oa35 
x-o«35 
x.oa33 
x.oa33 
1. 0336 
x.oa38 
x.oa34 
I.  oa4X 


1.09344 


Bottom 
EBperj 
ture. 


7X.3 
71.0 
70.7 
70.9 
70-4 
69^3 
6^5 
66.0 
68.4 
68.3 
65.0 
64.6 
64.3 
67.6 
65.3 
67.x 
64.a 
64.3 
64.x 
6&6 
64.7 
63.3 
63.9 
64.3 
64.0 
60.9 
6a6 


6&i9 


Bottom 
dmstty 

(atis-C). 


X.0994 
Z.O93X 

x.oa38 

x-o»34 
1.0*34 
z.o»3$ 
x.e938 
X.0936 
X.0935 
Z.0936 
Z.0934 
z.0936 
1.0938 
x.oa37 
z.oa36 
z.0936 
z.0936 
X.0937 
X.0935 
z.0934 
1.0*37 
z.0936 
Z.0933 
Z.0933 
x.0«39 
X.0936 
1.0937 


1.09350 
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Tables  i  and  2  show  the  temperature'  and  density  conditions  encountered  during 
the  August  observations.  Chart  211  represents  the  surface  and  bottom  temperatures 
for  each  station,  the  figure  used  being  in  each  case  the  eariiest  one  taken.  The  following 
generalized  statements  may  be  made  regarding  these  figtues: 

(i)  The  greatest  extremes  of  temperature  recorded  are  71.5^  and  55.0®,  giving 
a  range  of  16.5®  within  the  limits  of  the  r^^ion. 

(2)  The  surface  tempeiatures  average  2.21^  higher  than  the  bottom  temperatures, 
the  differences  increasing  as  we  pass  toward  the  western  end  of  Vineyard  Sound  and 
the  lower  end  of  Buzzards  Bay.  The  mean  figures  (based  upon  all  the  figures  of  the 
tables)  are  surface  66.04®,  and  bottom  63.83®. 

(3)  Buzzards  Bay  contains  warmer  water  than  Vineyard  Sound,  the  mean  fiigures 
being  67.93®  (surface)  and  66.19®  (bottom)  for  the  Bay,  and  64.70®  (surface)  €md  62.28® 
(bottom)  for  the  Sotmd. 

(4)  In  both  Vineyard  Sound  and  Buzzards  Bay,  both  at  the  surface  and  the  bottom, 
there  is  a  steady  decrease  in  temperature  as  we  pass  from  northeast  to  southwest;  i.  e., 
toward  the  open  ocean. 

In  Buzzards  Bay  the  maximum  surface  temperature  (71.5®)  was  found  near  the 
head,  while  the  minimum  (64.8®)  occurred  off  Cuttyhunk.  The  maximum  bottom 
temperature  also  occurred  at  the  head  of  the  Bay,  where  surface  and  bottom  waters 
were  practically  of  equal  warmth.  A  minimum  of  60.2®  was  found  off  Cuttyhunk, 
just  at  the  mouth  of  the  Bay. 

•  We  bATe  Toy  retectanUy  decided  to  employ  the  Pahreiilieit  tcale  in  Uie  present  work,  for  the  foUowfaiff  rcMOot:  Our  in- 
•tnnnents,  and  practicany^all  tboae  in  use  by  tlie  Borcnn  of  iHsheries.  «re  graduated  in  this  scale.  Moreover,  te  past  American 
hydrograxihic  work  temperatures  have  usually,  if  not  always,  been  expressed  in  Fahrenheit  degrees.  We  should,  however,  have 
employed  the  centigrade  scale,  despite  the  foregoing  considerations,  were  it  not  for  the  fact  that  our  temperature  diarts  were 
drawn  before  due  consideration  was  given  to  this  matter;  and  it  does  not  seem  worth  while  to  diange  them  now.  particularly 
as  plates  have  already  been  prepared  from  some  of  them.  For  the  convenience  of  those  who  are  more  familiar  with  the  centi- 
grade scale  we  append  a  conversion  table: 


TjkBUt  fOR  CONVSRaON  Of  PaBRVNBBIT  to  CSXmOKAOS  DSGRBSS. 

Pahren- 
heit. 

Centigrade. 

Fahren- 
heit. 

Centigrade. 

Fahren- 
heit. 

Centigrade. 

Fahren- 
heit. 

Centigrade. 

Fahren* 
heit. 

Centigrade. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

+80 

+t6.67 

+69 

+flas6 

+5« 

+X4.44 

+47 

+8.33 

+37 

+a.78 

19 

96.  xz 

68 

saoo 

57 

13.89 

46 

7.78 

36 

S.t9 

78 

•5.56 

67 

X9.44 

56 

13.33 

45 

7.aa 

35 

1.67 

77 

ss^oo 

66 

18- 89 

55 

IS.  78 

44 

6.67 

34 

Z.ZX 

76 

•4.44 

«5 

X8.33 

54 

xa.as 

43 

6.XZ 

as 

0.56 

75 

«3.89 

64 

I^78 

53 

IX.  67 

4* 

5.56 

S» 

Ob  00 

74 

•3-33 

6$ 

17.  ss 

5» 

IX.  zz 

41 

5.00 

31 

-0.56 

73 

.S.78 

6s 

16.67 

5X 

10.56 

40 

4-44 

30 

—1. 11 

7* 

99.  aa 

6z 

X6.ZZ 

50 

xaoo 

39 

3.89 

•9 

-1.67 

7X 

•1.67 

60 

15.56 

49 

••44 

38 

3.33 

a8 

—a.  as 

70 

SZ.  ZI 

S9 

15.00 

4S 

8.89 
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In  Vineyanl  Sound,  the  maximum  surface  temperature  (69.3^)  occurred  near 
Nashawena  Island,  but  such  a  temperature  was  quite  exceptional  in  this  portion  of 
the  Sound,  as  reference  to  the  chart  will  show  at  a  glance.  With  this  exception,  the  highest 
temperatures  are  at  the  eastern  end.  At  one  station  just  beyond  the  western  limits 
of  Vineyard  Sound  (W)  the  surface  and  bottom  figures  were  60.3^  and  55.0®,  respectively. 
A  rather  abrupt  fall  in  temperature  is  encountered  in  passing  southwestward  through 
the  Sound  when  we  reach  the  line  passing  from  Robinson  Hole  to  Kopeecon  Point. 
The  mean  bottom  temperatures  for  the  portions  of  the  Sound  lying  above  and  below  this 
line  are  67.35°  and  60  24°,  respectively  (based  upon  chart  figures  only).  As  we  shall 
find  later,  this  lower  temperature  of  the  outer  portion  of  the  Sound  is  correlated  with 
important  differences  in  the  bottom  fauna.  In  Buzzards  Bay  the  lowering  of  tempera- 
ture toward  the  mouth  is  less  abrupt,  and  water  colder  than  64°  occurs  only  near  the 
extreme  end.  The  water  appears  to  be  at  no  point  as  cold  as  it  is  on  the  other  side  of 
the  Elizabeth  Islands. 


Tabi.8  3.— Tbmpbraturb  and  Density:  VnmvARD  Sound,  Novbmbsk,  1907. 


xcmpcnitttre  ttatiop. 


Date 


Depth  ii 


Air 


Sitrfftce 


Snfnoe 
dcmity 

(•tis-C) 


Bottom 


(•tis*C). 


C 

D« 

E 

P 

O 

G  (repeated). 

H 

I 


J 

K 

h 

M 

M  (repeated).. 

N 

O 

P 

Q 

S 

T 

U 

V 

W 

W  (repeated). 

X 

Y 


Nor.  19 
Nor.  It 

...do..... 

...do 

Nor.  IS 
Nor.  1$ 
Nor.  xa 
Nor.  xf 
Nor.  X9 

...do.... 
Nor.  XX 
Nor.  xa 
Nor.  15 
Nor.  X9 
Nor.  XX 
Nor.  X9 

...do 

Nor.  XX 
Nor.  xa 

...do 

...do 

...do 

Nor.  xs 
Nor.  xa 

...do 


S 
iiHl 

6 
»S 

so 

7 

X9 

10 

U 

5 
7 
7 

8 

X9? 

9<| 

8 
X4 
xqH 

8 
x8 
17M 
xiH 

8H 


39.0 
47- o 
46^0 
48.0 
40.0 
37- S 
39-0 
49-0 
39-5 
4»-5 
49>o 
49-S 
39>0 
39-0 
4»>0 
49.0 
41.0 
49>o 
49.0 
4X.0 
43.0 
45.0 
40.0 
39>S 
4X-5 


5»9 
51.4 
51.9 

51-7 

49.7 
49.7 
Sa.7 

SX.9 

5X.I 
50.6 
$«.• 

31.  X 

49.7 

5X-X 
$«•• 
5X.9 

30.7 

$x-7 
5X.7 
S0.7 

SX.9 
5X.9 

SX-« 
50^9 


X.ot4ft 
I.  •937 
X.0938 
t.0938 
X.  094ft 
X.0940 
1.0949 
x.oa38 
X.0949 
X.0940 
x.0938 
x.0940 
X.  094ft 
X.094X 
x.0938 
X.094X 
x.0949 
x.0938 
x.094a 
X.094X 
X.0941 
X-0943 
x.ot40 
X.094X 
X.094X 


31.1 
5X.6 
3«-4 
3X.4 
SI- 3 
30^3 

3X'4 
3X-3 


3S.4 

3X.8 
SO'S 
5t.5 

30>9 
39.0 
30.5 
31.1 
39.0 
31.9 
SX.9 
39.0 
St,  6 
3^3 

39.0 


1.0949 

1.0941 
1.0941 
1. 0938 

1.0941 
X.0940 
l.094< 
X.0938 
X.O94I 
X.O94X 
X.0938 


X.0938 

x.oa4X 
x.oa4* 
x.oa4> 

X.094> 

x.oa45 
x.0938 
X.0941 
X.0941 
X.0944 
x.o94a 


Mean. 


4«-64 


30^90 


5X-44 


X.  09498 
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Tenis.enture  sUtioa. 

DiUe. 

Depth  in 
fathoms. 

Air 

temper- 

ftture. 

Surface 
temper- 
ature. 

Surface 

density 

Utis'C.). 

Bottom 
temper^ 
ature. 

Bottom 

density 

(atxs^C). 

A 

Not.  13 
...do 

3 
6 

SH 

5 

6 
5 

7 

6 

5 
8 

SH 
6H 
X5 

6« 
7 
«7 

35.0 
37»o 
34-0 
43.0 
36.0 
35- 0 
39.0 
41. 0 
33-0 
4».S 
4S.O 
43-0 
3«.o 
35-5 
35-5 
3«.o 
36.0 
39.0 
40-0 
39.0 
43-0 
40-0 

46.3 

47-7 
4«.a 
4«.a 
47.3 
4«.5 
4«.7 
4S.7 
49-3 
4«.» 
49-7 
49.S 
47- a 
4&0 
48.5 
48.6 
48.7 
47.9 
49-7 
49.7 
48.7 
49-7 

i.oax4 
x.oaaS 
z.oaaS 
z.oa30 
z.oa36 
z.oa3Z 
z.oa36 
x.oa37 
xoa3S 
x.oa34 
x.oa37 
x.oa37 
X.0938 
x.oa38 
z.  0138 
x.oa39 
x.oa38 
x.0936 
x.oa37 
Z.0340 
z.oa36 
Z.0340 

49-8 
49-4 
SO.X 
49*5 
SO.O 
49.x 
49*3 
49.8 
49.8 
48.9 
50.5 
SO.X 
47-5 
48.5 
48.8 
S0.0 
49.x 
49-X 

sax 
49-e 
SO-4 

B 4 

z.oaa9 
z.oaa9 
z.oa30 
x.0938 

c 

...do 

D 

...do 

B 

...do 

p 

..  do 

X.M39 
x.oa36 
x.oa37 
1.0338 
x.oa33 
I.0337 

X.0937 

Z.0337 
1.0339 
X.0338 
x.oa40 
1.0339 
X.0336 
1.0337 
1.0340 
Z.0336 
1.0340 

0 

...do 

H 

...do 

I 

...do 

J 

...do 

K 

...do 

I, 

...do 

M 

Not.  X5 
...do 

N 

0 

...do 

P 

...do 

Q 

...do 

R 

...do 

s 

...do 

T 

...do 

u 

...do 

V 

...do 

IfCHI *. 

38.  35  1          .«iL  m 

z.oa34a 

49.  5X 

1. 03349 



November. — ^Temperature  and  density  conditions  at  the  middle  of  November,  1907, 
are  shown  in  tables  3  and  4,  the  temperature  conditions  being  shown  on  chart  212. 
When  compared  with  the  conditions  during  August,  the  chief  facts  to  be  noted  are: 

(i)  The  great  reduction  in  water  temperature  naturally  resulting  from  the  approach 
of  winter.  The  mean  of  all  the  figures  is  50.14^  as  against  64.91^  during  the  August 
observations. 

(2)  The  comparative  uniformity  of  all  the  figures,  the  extremes  being  46.3^  and 
52.5®,  showing  a  range  of  6.2®,  in  place  of  a  range  of  16.5^  as  in  August. 

(3)  The  exact  reversal  of  the  diflferences  found  in  August.  Here  the  surface  temper- 
atures are  somewhat  lower  than  the  bottom  ones  (average =49.78®  and  50.47°  respec- 
tively); the  Bay  is  colder  than  the  Sound  (average =49.00®  and  51.16®);  and  we  meet 
with  slightly  higher  temperatures  as  we  pass  toward  the  open  ocean.  This  last  tendency 
is  not  very  evident  in  Vineyard  Sound,  but  is  quite  marked  in  Buzzards  Bay.  All 
these  differences  are,  of  course,  quite  intelligible.  At  this  time  of  the  year  the  air  tem- 
perature has  become  much  colder  than  that  of  the  water.  It  is  natural,  therefore,  that 
the  surface  of  the  sea  should  cool  more  rapidly  than  the  bottom,  and  that  the  shallower, 
more  sheltered  waters  should  cool  more  rapidly  than  the  open  ocean. 
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TaMLB  S.—TmiPBRATURB  AND  DENSITY,   ViNBYARD  SOUMD,  MaKCB,   I90B. 


ITaBpcrature  ftetioB. 

Date. 

Dorthin 
SSaam, 

Air 

tcmper- 

atnre. 

Surface 
temper* 
atixre. 

Surfy 

Bottom 
aturc. 

Bottom 

E 

Mar.  M 

...do 

sH 

sx 

8 
7 
M 

BOH 

7 
t 

s 

18 

•9-$ 
33.0 
•8.5 

J«.$ 

jao 
30.0 
3».o 
3X.O 
31.  S 
s8.o 
33.0 

J6.f 

36.« 
3&4 
J6.3 

36.9 
36^3 

3^o 

37- » 
36.6 
36.8 
36.5 
36^7 

1.0136 
x.o«3a 
i.os3$ 
i.ot33 
loa37 
x.ot3a 
S.0938 
x.oa37 
1.0136 
1.0*38 

36^8 

37.6 
36.5 
36-3 
3«^7 
36.. 
36.6 
3&6 
3«^S 
36.6 
36.6 
37.4 

x.e«33 

i.o«34 
X.  0*35 

I 

I  (repeated) 

Mar.  «x 
Mar.  M 

...do 

J 

x.oe35 

K 

«-oe37 
I.OS33 
I*  0238 

0 

...do 

P 

...do 

Q 

...do 

x.o*40 
x.o*36 

s 

...do 

U 

...do 

..0.39 

V 

...do 

W 

...do 

1.0*38 

X.0.38 

Mean 

30.87 

3^t4 

1.0*356 

36.70 

X.  0*361 

Tabls  6. — TbmpSraturs  and  Dbnsity,  Buzzards  Bay»  March,  1908. 


Temperature  sUtion. 

Date. 

Depth 

in 

fathoms. 

Air 

tcmi>era- 

ture. 

Surface 
tempera- 
ture. 

Surface 

density 

(ttis'C). 

Bottom 
tempera- 
ture. 

Bottom 

A 

Mar.sx 

...do 

*H 

4 

sH 

4H 
9 

*8.o 
30.S 
t8.o 

•9.0 
31.0 
30.0 

37.1 
37.4 
36.8 
36. « 
37- 0 
36.7 

X.O*I* 

x.e*** 

X.O«M 

x.o**6 

X.09*6 
X.08*9 

37. « 
36.6 
37. « 
36.x 
3^5 
36.3 

x.O**4 

D 

1.0**5 

i.oe34 

E 

...do 

F 

...do 

H 

...do 

x.oa39 
x.oa34 

L 

...do 

M^n                          

•9.41 

36.86 

X.  oaasS 

36.70 

x.oa30S 

March. — Another  set  of  determinations  was  made  on  March  20  and  21,  1908  (tables 
5  and  6;  chart  213).  Owing  to  the  inclemency  of  the  weather  and  to  the  fact  that  only 
the  Blue  Wing  was  available  for  the  work,  a  smaller  number  of  soundings  was  made  at 
this  time,  and  indeed  the  lower  part  of  Buzzards  Bay  was  entirely  neglected.  The 
results  are  none  the  less  interesting.  The  mean  for  the  entire  set  of  36  determinations 
(including  both  surface  and  bottom)  was  36.7 1*'.  A  high  degree  of  uniformity  was 
manifest  throughout  the  entire  region,  for  the  most  extreme  temperatures  recorded 
were  36.1®  and  37.6*^,  while  the  average  deviation  (i.  e.,  the  average  departure  from 
the  average)  was  only  0.32®.  Moreover,  such  slight  differences  as  did  occur  seemed 
to  bear  no  definite  relation  to  locality. 
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Dtte. 

Depth 
in 

Air 

temi>erft- 

ture. 

Surface 
tempera- 
ture. 

Surface 

density 

(ati5*C). 

Bottom 

Bettom 

Tttnptwtuw  gtntioo. 

tempera- 
ture. 

density 
(atx5*C). 

B                

June    5 
...do 

5 

tM 
IX 

XlK 

8 

XJ 

9 
9 
9 

19 

xo 
9 

56 
S6 
63 
59 
57 
59 
59 
59 
59 
59 
57 
59 
60 

58.4 
57.5 
58.0 
57.4 
57-4 
57.  a 
56.3 
56.3 
56.8 
54.3 
55.3 
55.8 
54.6 

z.oa33 
X  0134 
XM33 
x.oa34 
X.0333 
X  0134 
X.0234 
X  0333 
x.oa33 
x.oa34 
x.oa33 
x*oa43 
x.oa34 

58.4 

57-4 
57.7 
58.3 
56.7 

56.  s 

56.0 
55-4 
55.8 

49.8 
53.3 

47-9 
53.0 

H 

x.oa34 
x.oasx 

I 

...d© 

J 

...do 

x.oa34 

K 

...do 

X.0134 

0 

...do 

x.oa33 
x.oa35 
x.oa3a 
x.<»35 
x.oa34 

p 

...do 

Q 

...do 

s      

...do 

u 

...do 

w 

...do 

1.0333 

X 

...do 

x.o«34 

y 

...do 

x.oe34 

If  m     

58. 6x 

56.56 

X.  0134a 

55-09 

x.oe39< 

Tablb  S.-'TempBraturb  and  DBNaiTY,  Buzzards  Bay,  Junb,  1908. 


Temperature  station. 

Date. 

Depth 

in 

fathoms. 

Air 
tempera- 
ture. 

Surface 
tempera- 
ture. 

Surface 

density 

Uti5*C.). 

Bottom 
tempera- 
ture. 

Bottom 

density 

(•tx5*C.). 

A 

June    6 
...do 

4 
5 

8 

7H 

5 

8 

9 
5 

ifM 
6H 

60 
59 
64 
64 
6x 
56 
57 
59 
55 
5« 
58 
55 
57 

64.0 
63.3 

6>.3 

6X.8 
59-5 
56.x 
6X.4 
59.7 
57.8 
6X.3 
59.3 
58.3 
58.3 

x.oa34 
x.oaa3 
x.oas7 
x.oaa7 
x.oa33 
x.oa33 

Z.0233 
x.oa33 
x.oa30 
x.oi3a 
x.oa3S 
z.oaja 

64-4 
68.8 
61.6 
60.3 
59-1 
55.x 
60.8 
58.7 
59.0 
59.8 
57.6 
57.9 
56.7 

x.oaa3 

D 

x.oaaa 

B 

...do  .... 

x.03a7 

p 

...do 

x.oaay 

H 

...do 

x.oaa9 

I 

...do 

x.oa34 

J 

...do 

x.oaa9 

K 

...do 

x.oa3X 
x.oa34 

L 

...do..... 

0 

...do 

1. 0339 

p 

...do 

x.oa33 
z.oa3K 

Q 

...do 

s 

...do 

x.093a 

Mesa 

58.53 

60.93 

x.oaj99 

59. 5» 

x.oaa95 

June, — On  June  5  and  6,  1908,  surface  and  bottom  temperatures  were  determined 
at  26  stations  in  Vineyard  Sound  and  Buzzards  Bay  (tables  7  and  8;  chart  214).  The 
mean  of  all  these  52  figures  is  57.85®  F.,  or  7.06°  lower  than  the  mean  for  the  August 
observations.  The  relations  which  were  foimd  to  obtain  during  August  are,  however, 
manifested  with  equal  clearness  in  the  June  series,  the  figures  being: 

Maximum 64. 40 

Minimum ^ 47-  90 

Mean  for  Buzzards  Bay 59-88 

Mean  for  Vineyard  Sotmd 55-83 

Mean  for  surface 58. 39 

Mean  for  bottom 57-  31 
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It  is  likewise  plain  that  the  temperatures  decline  noticeably  as  we  pass  toward  the 
open  ocean,  the  maximum  temperature  being  found  at  the  head  of  Buzzards  Bay,  the 
minimum  at  the  mouth  of  Vineyard  Sound.  There  was,  however,  at  the  time  of  the 
June  observations,  no  abrupt  fall  of  temperature  beyond  Robinsons  Hole. 

Annual  temperature  cycle, — Before  discussing  the  probable  significance  of  these 
observations  upon  the  waters  of  Vineyard  Sound  and  Buzzards  Bay,  mention  must  be 
made  of  the  annual  temperature  cycle  at  Woods  Hole. 

Table  9.— Air  Tbmpsraturs  at  Noon:  Woods  Holb  Station. 


Year^ 

January. 

Fcbraanr. 

March. 

ApriL 

Max. 

Mm. 

Mean. 

Max. 

Min. 

Mean. 

Max. 

Min. 

Mean. 

Max. 

Min 

Mean. 

19M     . 

46 
46 
45 
47 
53 

sa 

xo 
a 

X4 
18 

as- 5 

•6.3 

37- 0 

4* 

S* 
45 
41 
47 

at 

xo 

8 
la 

XI 

J©.7 
34-6 
a6.6 
•7.0 
33-« 

S3 
55 

50 
54 

5X 

•9 

33 
ax 
M 
M 

4a.7 
44-9 
37- X 
37.9 
35-3 

6a 
65 
58 

57 
59 

40 
S6 
S6 
37 
38 

49>4 
50.3 
45.4 
47-7 
48.9 

fAQ*                   ,       ,   ,       ,  , 

1906                                     

Fivt  yetre 

S3 

a 

JZ.CI8 

5« 

S 

3©.  39 

55 

ax 

39.58 

•5 

S6 

48.33 

Ytan, 

Itoy. 

Jime. 

Jixly. 

Aufuat. 

Max. 

Min. 

Mean. 

Max. 

Min. 

Utmm. 

Mas. 

Min. 

M«ML 

Max. 

Min. 

MeM. 

TQ(M           

66 
76 
66 
69 
67 

40 
46 
54 
SO 
45 

57.6 
•0.7 
60.5 
58.4 
5S.9 

n 
n 

7i 

Sx 

58 

sx 
54 

48 
55 

65.9 
43.1 
66.x 
66.4 
66.5 

80 
79 
9» 

8a 
80 

65 
64 
68 
63 
6S 

71.4 

7a.  4 
74.0 
74.0 
Tao 

78 
76 
79 
80 
8a 

64 
57 

•s 

60 
67 

n't 

7a-4 
7^4 
75.0 

tctn ,,.,.... 

j^i04 , 

tQo6                          

Five  yean                 

76 

45 

SO- ax 

8x 

48 

66.ee 

8s 

63 

7a.  35 

8a 

57 

n*9f 

Ymn, 

September. 

October. 

Norember. 

December. 

Max. 

Min. 

Mean. 

Max. 

Min. 

Me«i. 

Max. 

Min. 

Mean. 

Max. 

Min. 

Men. 

XAQJI      , 

75 
78 
74 
7X 
75*5 

6s 
54 
4S 
5« 

5« 

67.9 
67.6 
65.8 

66.x 

67.7 

66 
66 
69 
69 

70 

4X 

40 
38 
45 

49 

57.7 
57.8 
54-9 
57.7 
58.9 

59 
60 
54 

59 

57 

38 
•5 

»7 
a8 

33 

so  7 
45.6 
4a.x 
44.9 
4S.X 

47 
50 
47 
55 
48 

a 

16 
IS 
as 

9 

13*6 

3a.  5 

30.7 

1903 

1904 

1905          .  i          .       I  ............ 

39.0 

X9O6 

U-4 

pivc  ycftra 

»• 

4S 

67.01 

70 

38 

57.39 

60 

as 

45- •9 

55 

a 

33.8a 
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Januwy. 

Pebntary. 

Marcb. 

ApriL 

Max. 

Min. 

Mean. 

Max.  1  Min. 

Mean. 

Max. 

Min. 

Mean. 

Max. 

Min. 

Mean. 

34-5 

3^5 
ja.o 
35.0 
39-5 

a9-5 

a9.S 
as8.o 
»9-S 
33- 5 

3X-7 
330 
a9-S 

31.0 

36.  s 

31. 5  >aaft.o 

»9-3 
3«-4 

89.1 
39-5 
34-7 

43.5 
44.0 
39.0 
39.  S 

38.0 

38-5 
34-0 
a9.S 
a9.5 

3a.  5 

36.6 
39.6 
33.8 
3»-9 
35* 

sa.o 
50.5 
45' 5 

48.0 
48.0 

4X-5 
44.0 
36.5 
39.5 
370 

45-8 

1003 

,50 

a9-5 
30.0 
37.0 

30.0 
a8.5 
a9.o 
33- 0 

46.6 

XOBA 

41. 3 

tAM 

41.9 

1906 

4a.  7 

Five  yean. 

39<5 

•a&o 

53.33 

37.0 

aa8.o 

3i<oo 

44.0 

39.5 

35.64 

5a.  0 

36.5 

43*90 

YCMV. 

May. 

June. 

July. 

August. 

Max. 

Min. 

Mean. 

Max. 

Min. 

Mean. 

Max. 

Min. 

Mean. 

Max. 

Min. 

Mean. 

lyoa 

59>o 
61.0 
61.5 
S9.0 

ss-s 

Si.o 
S0.0 
46.5 
47.0 
4«.5 

S4.6 
59- 0 
S4-X 
Sa.8 
S4-I 

65.0 
6a.  5 
69.0 
66.5 
68.5 

5«.S 

59.0 
58.5 

57.  S 

58. 5 

6a.  9 
6X.3 
6a.  8 
6a.  0 
63.  a 

69.0 

70.5 

73- 0 
74- 0 
73.0 

64.0 
63.0 
67.0 
66.0 
67.0 

66.7 
67.9 
69.8 
70.4 
69.S 

71.0 
69.5 
7a.  0 
73- 0 
74-5 

68.0 
63.0 
69.0 
67. 5 
69.S 

69.3 

190O4 •  •  •  • 

67.7 

|M|| 

7o.a 

1905. 

70.0 

IfSi 

7X.4 

Itreyctf* 

61.5 

46.S 

54- 9a 

69.0 

57- 5 

6a.  4S 

74- 0 

63.0 

68.83 

74-5 

63.0 

69.74 

Yevfc 

ScptcniDcr. 

October. 

November. 

December. 

Max. 

Min. 

Mean. 

Max. 

Min. 

Mean. 

Max. 

Mtn. 

Mean. 

Max. 

Min. 

Mean. 

190a 

70.0 
69.0 
70.0 
69.0 
7X.O 

65.0 
«3.S 
64.0 
63.0 
66.0 

675 
66.6 
67.0 
66.4 
M.5 

65.0 
64.0 
63.0 
64.0 
65.0 

54-0 
St' 5 
5«S 

54-0 
56.5 

60.S 

S9-* 

57.6 

S9.6 
60.3 

55- 0 
53-5 
5a.o 
54-5 

54-0 

47.0 
38.5 
40.0 
44.0 
4a.  5 

Sa.o 
47.9 
46.3 
48.a 

47.0 

47-5 
40.0 
41. 0 
44-5 
4».5 

35- 0 
3a.  0 
3«.S 
38.0 
33-5 

38.9 

1909. , 

36.6 

1901^ 

34*4 

S90S 

40.0 

T906 

36.3 

Fire  yfurt  . 

7x0 

63.0 

67.  ao 

65.0 

SX-5 

59-44 

55- 0 

38.  s 

48.  ,8 

47-5 

3«-5 

37- «3 

•  Based  doubtkat  opon  an  inexact  observatioa.  since  this  temperature  is  bdow  the  freezing  point  of  sea  water. 

Curves  showing  seasonal  variations  in  the  air  and  water  temperatures  at  the  Woods 
Hole  station  for  five  years  are  presented  on  chart  219.  These  curves  are  based  upon 
the  noon  temperatures  contained  in  the  station  records  from  1902  to  1906,  inclusive.* 
The  ordinate  for  each  day  is  the  mean  of  the  five  years'  figures  for  that  day.  Such 
curves  do  not,  of  course,  exhibit  the  extreme  conditions,  since  maximum  and  minimum 
figures  are  neutralized  in  the  process  of  averaging.  The  water  temperatures  are  natur- 
ally those  which  chiefly  concern  us  at  present.  It  will  be  seen  that  the  highest  point  in 
the  curve  showing  these  is  at  August  1 2 ,  where  the  mean  temperature  is  slightly  over  7 1  °. 
Reference  to  table  10  shows  that  the  maximum  temperature  for  August  (and  for  the  year) 
recorded  during  these  five  years  is  74.5®.  The  lowest  point  in  the  curve  is  on  February 
19,  where  a  mean  temperature  of  30®  is  almost  reached.    The  minimum  for  the  entire 

b  Cf .  Edwards  in  Firet  Report  U.  S.  Pish  Commission,  with  which  these  figures  agree  fairly  dosely. 
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period  is  about  28.5^  P.,^  which  is  the  freezing  point  of  sea  water.  This  temperature 
is  perhaps  reached  at  one  time  or  another  nearly  every  winter. 

An  analysis  of  this  curve  reveals  several  other  facts  worthy  of  mention.  (We 
omit  as  irrelevant  the  interesting  relations  between  the  curves  for  air  and  for  water.) 
There  are  two  comparatively  level  sections  having  a  duration  of  about  two  months 
each,  occurring  in  midwinter  and  midsummer,  respectively.  During  each  of  these 
periods,  the  range  of  temperature  is  only  about  3  degrees.  The  remainder  of  the  year 
is  made  up  of  the  long  vernal  ascent,  and  the  somewhat  more  abrupt  autumnal  dediae. 
During  131  days,  or  rather  more  than  a  third  of  the  entire  year  (June  3  to  Oct.  12),  the 
temperature  remains  above  60^;  from  May  5  to  November  8,  the  temperature  exceeds 
50*^;  while  from  April  3  to  December  5,  the  curve  is  above  the  40®  line.  On  the  other 
hand,  from  December  26  to  March  14,  the  temperature  of  35®  is  not  exceeded. 

The  water  here  employed  was  that  drawn  from  the  surface  at  the  local  pier,  dose 
to  the  buildings  ol  the  station.  This  water  rapidly  changes  with  the  tides  which  sweep 
through  Woods  Hole  Passage,  and  therefore  is  not  liable  to  the  extreme  fluctuations 
found  in  more  inclosed  areas.  The  figures  doubtless  represent  fairly  well  the  surface 
(and  likewise  the  bottom)  temperature  of  Woods  Hole  Harbor  and  of  the  adjacent 
shallower  parts  of  Buzzards  Bay  and  Vineyard  Sound.  The  mean  water  temperature 
for  this  entire  period  of  five  years  was  51.01^  P.;  the  mean  air  temperature  for  the  same 
period  was  51.98^.  Since  these  figures  are  based  upon  temperatures  taken  at  aoon, 
they  are  doubtless  somewhat  too  high,  though  the  error  in  the  case  of  the  water  temper- 
atures is  probably  ^ght. 

It  will  be  important  for  our  future  discussion  to  make  a  comparison  of  the  water 
temperatures  at  Woods  Hole  and  those  at  the  United  States  Pisheries  stations  at  Glouces- 
ter, Mass.,  and  Boothbay,  Me.  Por  this  purpose  we  have  employed  the  records  of 
only  three  years  at  each  station,  the  same  years  (1905,  1906,  1907)  being  used  in  each 
case.  Thus  the  figures  here  presented  for  Woods  Hole  necessarily  differ  somewhat 
from  those  given  in  the  preceding  table. 

Table  ii.— Mban  Watbr  Tsmpbraturbs  (Noon)  at  Boothbay,  Gloucbstbr,  and  Woods  Hols 

FOR  THE  YBARS  1905,  1906,  1907 .« 


Janu- 
ary. 

Febm- 
•ry. 

March. 

April. 

May. 

June. 

July. 

Aufust. 

Sep. 
tcoibcr. 

Octo- 
ber. 

Novem- 
bar. 

Decern- 

ber. 

Boothbay 

*33-S 

36.  t 

35- 9 

*30.3 
33.7 

31- » 

3a.  a 
35-7 
33.6 

37.8 
4S-4 
4a.  I 

44.1 
48.  a 
SX-9 

51.8 
56.6 
6f.3 

58.  s 

63.1 
69.4 

6x.o 
63.1 
70.4 

S6.0 
59.8 
67.  A 

48.7 
S3- a 
S9.I 

4».4 
4S-8 
4».f 

3^♦ 
39- T 
J8.7 

Gloucester 

Woods  H(de 

a  Baaed  upon  records  furnished  by  the  superintendents  oC  these  stations. 
h  Based  on  two  years  only  (igo6,  1907). 

From  the  foregoing  figures  the  following  facts  may  be  gathered: 

(i)  That  the  mean  water  temperature  for  these  three  years  was  highest  at  Woods 

Hole  (50.59®),  next  highest  at  Gloucester  (47.95**),  and  lowest  at  Boothbay  (44.44°). 
(2)  That  these  differences  are  at  a  maximum  during  the  summer  months,  being 

reduced  to  a  minimum  or  even  reversed  during  the  winter  months.     Thus  the  annual 

range  of  temperature  is  greater  as  we  pass  to  the  southward. 

a  Stated  as  a8*  in  the  table.    This  was  doubUess  due  to  an  error  in  the  reading. 
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(3)  For  every  month  of  the  year  the  water  temperatures  at  Gloucester  are  higher 
than  those  at  Boothbay.  On  the  other  hand,  during  the  months  of  December,  Janu- 
ary, February,  and  March  the  Woods  Hole  temperatures  are  lower  than  those  reported 
from  Gloucester,  despite  the  more  northerly  location  of  the  latter  statkm.  This  is 
probably  due  to  the  fact  that  the  water  used  at  the  Gloucester  station  is  in  more  imme- 
diate connection  with  the  great  reservoir  of  ocean  water,  which  responds  more  slowly 
to  the  winter  cold.  Moreover,  a  rapid  intermingling  of  the  two  b  effected  by  the  tides, 
which  have  a  far  greater  amf^tude  at  Gloucester  than  at  Woods  Hole.^ 

(4)  During  the  months  ef  May  to  November,  inclusive,  the  water  temperatures  at 
Woods  Hole  are  much  higher  than  those  of  either  of  the  more  rMMtherly  stations,  whUe 
the  mean  difference  between  Woods  Hole  and  Gloucester  for  July,  August,  and  Sep- 
tember {7.1^)  is  over  twice  as  great  as  that  between  Gloucester  and  Boothbay  (3.5®).* 

This  last  feature  q|  the  comparison  b  the  most  important  of  all  for  our  present 
purposes.  The  difference  in  latitude  between  Woods  Hole  and  Gbuoester  b  about 
i^  7^  while  that  between  Gloucester  and  Boothbay  b  about  i^  I2^  Nevertheless,  the 
difference  in  water  temperature  betweoi  those  two  stations,  which  are  separated  by 
the  peninsula  of  Cape  Cod,  b  twioe  as  great  during  the  three  months  of  the  3rear  when 
the  water  is  warmest  as  that  between  the  two  stations  lying  to  the  north  of  Cape 
Cod,  even  though  the  latter  are  divided  by  a  greater  interval  of  latitude.  While  the 
waters  whose  temperatures  are  here  recorded  may  not  be  entirely  representative  of  the 
neighboring  sea  areas,  and  while  the  number  of  years  here  comprised  b  snudl,  the  main 
points  in  our  comparison  are  believed  to  be  sufficiently  wdl  establbhed.  Let  us  now 
return  to  a  consideration  of  the  temperature  conditions  at  Woods  Hole. 

Significant  ftatures  of  the  local  temperatwre  conditions, — If  we  take  the  average  of 
all  the  temperature  determinations  (surface  and  bottom)  recorded  on  chart  31 1  for  the 
14  stations  westward  of  Robinsons  Hole,  within  and  at  the  entrance  to  Vineyard  Souad^ 
we  find  the  mean  temperature  of  these  waters,  at  practically  the  period  of  mayinwm 
temperature,  to  be  62.17.**  At  Woods  Hole  thb  temperature  b  exceeded  during  the 
entire  period  of  the  year  between  June  14  and  October  6.  If  we  consider  only  the 
figures  for  bottom  temperature  in  thb  western  area  of  the  Sound  (and  these  it  b,  in  the 
main,  which  influence  the  bottom  fauna),  we  find  the  mean  to  be  60.24,  a  temperature 
which  is  exceeded  at  Woods  Hole,  from  June  3  to  October  11.  In  Buzzards  Bay,  on 
the  other  hand,  a  temperature  as  low  as  thb  last  was  not  once  recorded  during  the 
August  series  of  observations,  though  in  one  case  it  was  found  just  beyond  the  mouth 
of  the  Bay  (V).  Bottom  temperatures  between  60®  and  65®  were,  however,  found 
throughout  the  lower  third  or  fourth  of  the  Bay,  except  near  the  western  ^lore. 

It  thus  appears  that  the  summer  conditions  of  temperature  such  as  obtain  in  the 
vicinity  of  Woods  Hole  during  the  months  of  June,  July,  August,  and  September  do 
not  directly  affect  the  southwestern  third  of  Vineyard  Sound  and  in  only  a  limited 
degree  the  lower  end  of  Buzzards  Bay.  It  will  be  shown  that  thb  fact  b  of  supreme 
importance  for  the  understanding  of  certain  features  of  dbtribution. 

It  might  reasonably  have  been  expected  that  the  winter  temperature  of  these 
outlying  waters,  adjacent  to  the  open  sea,  would  be  considerably  higher  than  that 

a  This  is  in  full  agreement  with  the  exphuution  of  the  relatively  high  winter  temperatures  at  Olouccater  md  Boothbay; 
independently  offfered  by  Superintendents  Corliss  and  Hahn. 

h  This  difference  b  likewise  somewhat  greater  for  October,  and  is  practically  the  same  for  May. 

16269*^—3011.  31,  pt  I— 13 4 
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elsewhere  recorded  within  the  region,  owing  to  the  conservative  influence  of  the  ocean 
in  retaining  the  heat  received  during  the  summer.  It  would  have  given  no  surprise, 
therefore,  to  find  the  mean  annual  temperatures  approximately  the  same  throughout  all 
these  waters.  Unfortunately  we  have  no  data  for  the  oddest  period  of  the  winter. 
Reference  to  the  temperature  curves  for  the  Woods  Hole  station  shows  that  the  water 
curve  reaches  its  lowest  level  on  February  19.  It  was  planned,  accordingly,  to  obtain  a 
series  of  observations  in  Vineyard  Sound  and  Buzzards  Bay  at  about  that  date  in  1 908.  It 
is  a  matter  of  much  regret  that  no  boat  was  available  for  this  purpose  until  a  month  later, 
when  the  water  temperature  throughout  the  entire  region  had  risen  to  nearly  37®  F. 
At  this  time,  as  has  already  been  pointed  out  (p.  44),  a  great  uniformity  in  water  tem- 
perature prevailed  throughout  the  region  explored,  and  the  outlying  waters,  oflf  Gay 
Head  and  Cuttyhunk,  did  not  differ  appreciably  from  those  of  the  other  portions  of 
Vineyard  Sound  and  Buzzards  Bay.  It  will  be  recalled  that^  November  there  was 
likewise  a  large  measure  of  uniformity,  though  at  that  time  the  outlying  waters  were 
somewhat  warmer  than  the  rapidly  cooling  waters  of  the  upper  half  of  the  Bay.  In 
the  absence  of  further  data  it  might  be  contended  that  at  the  time  the  November  obser- 
vations were  made  the  inshore  temperature  was  just  passing  the  ocean  temperature 
in  its  annual  decline,  while,  on  the  other  hand,  it  might  be  supposed  that  the  March 
temperatures  were  taken  at  a  time  when  the  inshore  temperature  curve  was  again  about 
to  cross  that  for  the  ocean  temperature.  And  indeed  it  is  possible,  that  in  the  inter- 
vening months  the  latter  did  remain  somewhat  higher  than  the  former. 

But  even  on  the  impossible  supposition  that  36®  F.  represents  the  minimum  tem- 
perature of  these  outlying  waters,^*  this  figure  would  be  only  about  7^  higher  than  the 
lowest  recorded  elsewhere  (i.  e.,  the  freezing  point  of  sea  water),  whereas  in  summer 
the  extremes  of  temperature  varied  as  widely  as  15^.  Thus,  in  any  case,  the  mean 
annual  temperature  of  the  bottom  waters  in  the  outlying  portions  of  Vineyard  Sound 
and  Buzzards  Bay  is  undoubtedly  lower  than  that  of  the  more  inclosed  areas  to  the* 
northeast.  For  Viney^,rd  Sound  the  mean  t>ottom  temperature  of  the  stations  lying 
to  the  seaward  of  Robinsons  Hole,  as  based  upon  the  four  seasonal  averages  obtained 
by  us,  is  50.53®.  The  corresponding  figure  for  the  remainder  of  Vineyard  Sound  was 
found  to  be  53.31  *'.  This  difference,  however,  is  entirely  determined  by  the  June  and 
August  results,  so  that  for  the  summer  months  alone  the  difference  would  be  about 
twice  as  great. 

Another  plain  deduction  from  the  forgoing  figures  is  that  the  total  annual  range 
of  temperature  in  these  outlying  waters  is  far  less  than  in  the  more  inclosed  waters 
of  the  region.  For  the  former  the  temperature  range  is  probably  about  30®  F. ;  for 
the  latter  it  may  reach  45°  or  more. 

The  occurrence  in  summer  of  colder  waters  in  the  ocean  immediately  beyond  the 
mouth  of  Vineyard  Sound  was  pointed  out  by  Verrill  as  long  ago  as  1871,  and  a  few 
definite  temperature  figures  were  then  presented  by  him.  These  last  were  also  included 
in  the  chart  accompanying  the  "Report  on  the  Invertebrate  Animals  of  Vineyard 
Sound."  On  September  9  the  lowest  figure  recorded  by  Verrill  was  57®  F.,  which 
was  the  bottom  temperature  at  a  point  several  miles  beyond  Gay  Head.     Within  the 

a  Rathbtto  (1887)  in  a  diart  (No.  17).  givinc  temperatures  taken  during  five  years  at  the  Vineyard  Sound  lightship,  off 
Sow  and  Pigs  Reef,  records  figures  as  low  as  99*  and  30*  during  January  and  February.  For  most  of  the  time  during  these 
months,  moreover,  the  temperature  remained  bdow  95*.  These  were  suriace  temperatures,  it  is  true,  but  it  is  Ukdy.  as  above 
suted.  that  the  figures  for  surface  and  bottom  are  not  far  from  equal  in  winter. 
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mouth  of  Vineyard  Sound,  on  the  same  day,  the  surface  temperature  was  67®  F.  Tem- 
peratures were  likewise  taken  west  of  No  Mans  Land  and  south  of  Narragansett  Bay 
in  29  fathoms.  These  agree  in  being  considerably  lower  than  the  temperatures  known 
to  occur  at  the  same  time  in  the  more  inclosed  waters  of  the  neighborhood.  The  pres- 
ent writers  have  found  still  more  extreme  conditions  to  prevail  at  certain  points  imme- 
diately to  the  east  of  Cape  Cod.  At  Crab  Ledge,  a  few  miles  to  the  east  of  Chatham 
(chart  223),  at  a  mean  depth  of  17^4  fathoms,  two  observations  on  August  12,  1909, 
gave  a  mean  surface  temperature  of  65®  F.  and  a  mean  bottom  temperature  of  47.2^  F. 
These  figures  accord  pretty  well  with  some  obtained  at  nearly  the  same  point  by  Robert 
Piatt,  United  States  Navy,  on  September  14  and  15,  i877.<*  The  latter  found  a  mean 
surface  temperature  of  60.3*^  F.  and  a  mean  bottom  temperature  (28  fathoms)  of  48.2*^  F. 
It  is  interesting  to  compare  the  figures  obtained  by  us  on  August  10  and  12,  1909,  for 
a  series  of  points  between  Woods  Hole  and  Crab  Ledge.  These  are  presented  in  the 
foUowiBg  table: 


PoOock  Rip  (just  wHbont  Nantucket  Sound) 

Handkerdilcf  Shoal  (eastern  end  Nantucket  Sound) . 

CroM  Rip  (middle  of  Nantucket  Sound) 

Weit  Chop  (eastern  end  Vlnesrard  Sound) 


Depth. 


5 

7 


Surface 
temper- 
ature. 


63.0 

6a.  5 

•  70.5 

71.0 


Bottom 
temper- 
ature. 


62.0 

60.0 

ato.* 

69-5 


o  The  mean  of  two  determinations  on  different  days. 

Verrill  explained  the  low  temperatures  of  the  outer  waters  by  invoking  the  aid 
of  "an  offshoot  of  the  arctic  current,"  which  he  believed  to  pass  westward  into  Long 
Island  Sound.  The  question  whether  or  not  there  is  a  definite  southward  (and  west- 
ward) flowing  current  which  affects  this  part  of  the  coast  has  already  been  discussed 
briefly  on  another  page.  No  conclusive  answer  to  this  question  appears  to  be  forth- 
coming at  present.  Undoubted,  however,  is  the  fact  that  during  the  stmimer  months 
there  lies  a  comparatively  cold  zone  between  the  warm  coastal  water  and  the  yet  warmer 
Gulf  Stream.  This  may,  as  has  been  suggested,  merely  represent  the  normal  ocean 
water  which  would  be  proper  to  this  latitude  in  the  absence  of  the  Gulf  Stream.  If  this 
view  be  accepted,  the  higher  temperature  attained  during  the  summer  months  by  the 
waters  of  Buzzards  Bay  and  of  Nantucket  and  Vineyard  Sounds  is  simply  the  result 
of  th«ir  shallowness  and  comparative  detachment  from  the  great  reservoir  of  ocean 
water  outside,  just  as  we  know  that  salt  marshes  or  shallow,  lagoons  become  even 
warmer  than  this  during  the  summer  months. 

The  question  here  suggests  itself  why  the  coastal  waters  north  of  Cape  Cod,  e.  g., 
at  Gloucester  and  at  Boothbay,  do  not  likewise  become  much  warmer  than  they  do 
during  the  summer  months.  We  have  seen  (p.  49)  that  the  relations  between  the 
temperatures  at  these  points  and  those  at  Woods  Hole  are  not  such  as  are  wholly 
explained  by  differences  in  latitude.  It  is  highly  probable  that  one  factor  in  the  case  is 
the  far  greater  depth  of  the  waters  north  of  Cape  Cod,  at  slight  distances  from  shore. 
For  example,  the  50-fathom  line  passes  within  from  5  to  10  (nautical)  miles  of  Cape 
Ann  and  of  many  parts  of  the  Maine  coast;  while  at  the  nearest  point  it  lies  over  50 

a  These  daU  were  furnished  us  by  the  Superintendent  of  the  Coast  and  Geodetic  Survey. 
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ndles  from  Marthas  Vineyard.  The  tides,  likewise,  are  of  much  greater  amplitude 
north  of  Cape  Cod,  insuring  a  far  more  rapid  intermingling  of  the  coastal  waters  with 
those  of  the  open  sea.  South  of  Cape  Cod  there  is  an  extensive  area  of  shoal  water, 
much  of  which  is  pretty  definitely  bounded  off  from  the  open  ocean.  Reference  has 
already  been  made  to  the  occurrence  of  a  net  westerly  tidal  movement  through  Vine- 
yard Sound.  This  implies,  of  course,  that  the  latter  derives  much  of  its  water  from 
Nantucket  Sound,  a  broad  and  on  the  whole  very  shallow  aiea  of  sea,  pretty  well  shut 
in  by  land  and  by  shoals. 

5.  SAUNTTY, 

Salinity  or,  more  properly,  density  determinations  were  made  along  with  those  for 
temperature.  The  Sigsbee  water  cup  was  employed  for  obtaining  samples  from  the 
bottom,  while  the  surface  water  was  merely  drawn  up  in  a  pail.  Tftie  saltnixneters 
employed  were  of  the  Hilgard  pattern  and  were  previously  tested  by  the  Bureau  of 
Standards.  Great  care  was  taken  to  prevent  the  soiling  of  the  stem  by  the  hands, 
which  was  found  to  exert  a  marked  effect  upon  the  level  reached  by  the  instrument. 
A  bottle  of  caustic  soda  solution,  or  a  mixture  of  sulphuric  add  and  potassitun  bichro- 
mate, was  kept  at  hand,  and  used  from  time  to  time  for  cleaning  the  stem.  It  was 
found  more  practicable  to  read  from  the  summit  of  the  meniscus,  or  cone  of  fluid  sur- 
rotmding  the  salinometer  stem,  than  to  read  from  the  actual  water  level.  The  vahie 
of  the  meniscus  in  terms  of  the  scale  was  later  determined.  Since  the  temperature  of 
the  water  is  an  all  important  factor  in  determining  its  specific  gravity,  as  referred  to 
distilled  water  at  maximum  density,  careful  record  was  kept  of  the  water  temperature 
at  the  time  of  taking  the  reading  for  density.  Knowing  these  two  factors,  reduction 
was  easily  accomplished  by  the  aid  of  a  table  furnished  by  the  Bureau  of  Standards.^ 

The  figures,  as  presented,  represent  the  specific  gravities  which  would  have  been 
obtained  had  the  water  samples  in  all  cases  been  at  a  temperature  of  15^  C.  Thus  each 
figure  represents  the  relative  weight  of  a  given  sample  at  15°  C.  compared  with  an  equal 
volume  of  distilled  water  at  4^*  C.  The  density  of  a  sc^ution  depends,  of  course,  upon 
two  factors,  its  temperature  and  its  concentration.  Having  eliminated  all  differences 
due  to  the  former  factor,  the  figures  here  given  represent  the  coooentration,  i.  e.,  the 
salinity  of  the  water. 

The  density  readings  here  recorded  were  in  nearly  all  cases  made  aboard  ^p. 
More  precise  determinations  would  of  course  have  been  possible  if  the  water  samples 
had  been  bottled  and  brought  bade  to  the  laboratory  where  the  ship's  motion  would  not 
have  disturbed  the  observations.*  And  our  results  would  have  been  still  more  precise 
had  we  resorted  to  the  method  of  titration  with  nitrate  of  silver,  as  employed  in  recent 
hydrographic  studies.^  The  latter  method  has,  however,  been  used  by  us  as  a  check 
upon  our  spedfic  gravity  determinations,  and  the  results  of  the  two  accord  so  well  on 
the  whole  (see  p.  54)  that  the  figures  here  presented  are  probably  exact  enough  to  meet 
the  demands  of  the  present  work.  Our  figures  for  density  are  recorded  to  the  fourth 
dedmal    place.     From    comparison  with  the  chlorine  tests  it  seems  likely  that  in 

o  Various  tables  of  this  sort  have  been  published;  e.  g.,  Libbey,  1891.  p.  397;  Tanner.  1897,  p.  337. 

&  In  five  cases,  in  which  this  was  done,  and  the  results  of  the  two  independent  determinations  were  compared,  a  nwaa  dlfcr- 
«nce  of  0.00024  was  fouMd;  i.  e..  the  error  affected  oaly  the  fourth  decioal  place,  or  last  oac  constdered  in  making  tlie  raadtag. 

«See  Pettersson,  1894.  p.  396;  also  account  of  International  Conference  for  the  Hacploratioa  of  the  Sea,  in  Journal  of  the  Marine 
Biological  Association,  vol.  vi.  pp.  101-X14. 
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some  cases  they  are  accurate  only  to  the  third  decimal  place.  Those  familiar  with 
recent  hydrographic  studies  will  perhaps  regard  such  figures  as  too  lough  approxima- 
tions to  have  any  scientific  value.  This  would  doubtless  be  true  if  we  had  to  do  with  wide 
expanses  of  the  sea,  containing  fairly  permanent  currents  or  strata  of  water,  the  limits  ot 
which  could  only  be  ascertained  by  determining  slight  differences  of  salinity.  But  in  the 
indosed  bays  and  sounds  of  our  region  the  continual  intermixture  ol  the  waters  resulting 
from  tides  and  winds  would  render  tmlikely  any  constant  stratification  on  the  ba^s  of 
salinity,  and  it  is  certain  that  rapid  variations  occur  within  the  same  area.  As  was  the 
case  with  the  temperature  records  already  discussed,  a  series  of  determinations  having 
no  reference  to  the  phase  of  the  tide  are  open  to  rather  serious  objections.  But  it  would 
be  practically  impossible  to  make  such  a  series  simultaneously  throughout  so  large  an 
area,  and  ahnost  equally  difficult  to  make  each  of  them  at  a  corresponding  phase  of  the 
tide.  For  these  reasons,  therefore,  only  the  larger  differences  of  water  density,  such  as 
are  indicated  by  figures  in  the  third  decimal  place,  seem  to  be  ol  interest  in  attempting 
any  correlation  between  this  factor  and  the  distribution  of  our  local  marine  animals 
€Uid  plants.  And  it  will  be  found  later  that,  so  far  as  our  dredging  records  are  concerned, 
even  the  greatest  extremes  of  salinity  which  are  recorded  by  us  have  little  or  no  effect 
in  limiting  the  distribution  of  most  of  the  species.  This  statement,  ot  course,  is  only 
intended  to  apply  to  the  fauna  taken  by  the  dredge.  Great  numbers  of  littoral  or 
^iaIlow*water  organisms,  here  as  elsewhere,  obviously  thrive  best  in  braddsh  water  or 
at  least  in  somewhat  diluted  sea  water.  The  salt  marshes  and  the  estuaries,  indeed^ 
are  largely  populated  by  a  fauna  of  their  own. 

The  figures  for  density  are  given  in  the  same  tables  (i-8)  as  those  for  temperature. 
Prom  the  density  figures  those  for  salinity  proper,  or  percentage  of  salts,  may  readily 
be  obtained  from  the  table  offered  by  Pettersson  (1894,  P*  ^9^)-  "f^^  following  equiva- 
lents have  been  computed  for  such  degrees  of  density  as  are  to  be  found  in  Buzzards 
Bay  and  Vineyard  Sound.  They  represent  the  percentages  of  salt  by  wei^t  in  a  given 
quantity  of  sea  water: 


Density. 

Salinity. 

Dowity. 

Salinity. 

X.  oaio 

a.  84 

1. 0230 

3- 09 

i.oaiS 

2.91 

i.©a3S 

3.16 

Loaao 

«.»8 

1.0340 

3*3 

1.  oaas 

3.03 

1.  oa4S 

3a9 

The  differences  of  salinity,  in  relation  to  locality  and  season,  are  represented  upon 
charts  215  to  218.  Several  facts  of  importance  are  to  be  derived  from  these  tables 
and  charts. 

(i)  Even  the  highest  figure  recorded  here  (1.0244)  ^s  considerably  lower  than  that 
found  throughout  the  north  Atlantic  at  great  distances  from  land,  where  a  specific 
gravity  of  1.0270  to  1.0280  prevails. 

(2)  The  greatest  extremes  to  be  found  among  our  determinations  are  1.02 12  and 
1.0244,  representing  a  difference  of  about  15  per  cent  in  salinity. 

(3)  The  average  surface  density  (1.02337)  is  lower  than  the  average  density  at  the 
bottom  (1.02349).     This  difference  is  more  marked  in  the  Bay  than  in  the  Sound.     It  is 
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manifested  in  six  of  the  eight  pairs  of  contrasted  figures,  the  June  figures  (both  for  the 
Bay  and  Sound)  being  exceptions. 

(4)  The  average  density  for  Buzzards  Bay  (i. 02314 «)  is  lower  than  that  for  Vine- 
yard Sound  (1.02372)  and  is  particularly  low  at  the  head  of  the  Bay.  This  condition 
is  readily  understood  by  reference  to  the  estuaries  which  discharge  into  it. 

(5)  Certain  seasonal  differences  appear  which  are,  perhaps,  of  questionable  sig- 
nificance. In  Vineyard  Sound  the  density  figures  for  the  seasons  may  be  arranged  in 
the  following  order: 

Jtme 1. 0*339 

March 1.03358 

August 1. 01387 

November i.  01403 

For  Buzzards  Bay  the  figures  can  not  be  given  for  the  entire  area,  since  in  March 
onl^  six  stations,  nearly  all  of  them  in  the  upper  half,  were  viated.  Taking  the  figures 
for  these  same  six  stations  for  the  four  months  we  find  the  following  order  to  obtain: 

March x.  02166 

June 1. 00273 

November i.  01399 

August 1. 02317 

The  figures  for  the  different  seasons  were  obtained  at  intervals  of  about  three 
months  and  by  two  different  observers.  Differences  due  to  "personal  equation^ 
have  thus  perhaps  played  a  part  in  the  results.  And  even  if  that  source  of  error  were 
eliminated,  it  is  quite  likely  that  the  figures  for  the  same  month  in  different  years  would 
not  agree  at  all  exactly.  In  November,  1908,  eight  of  the  determinations  of  the  pre* 
ceding  November  were  repeated.  The  average  difference  between  the  earUer  and  later 
figures  was  4  in  the  fourth  decimal  place,  i.  e.,  a  quantity  in  excess  of  some  of  the  sea* 
sonal  differences  appearing  in  the  foregoing  tables. 

In  order  to  compare  the  results  of  hydrometer  readings  with  those  obtained  by  titra- 
tion for  chlorine,  17  water  samples  were  subjected  to  both  tests.*  The  chlorine  deter- 
mination in  each  case  was  compared  with  the  value,  computed  from  Pettersson's  table, 
for  water  of  the  specific  gravity  recorded.  It  was  found  that  the  actual  and  the  expected 
values  differed  on  the  average  by  1.5  per  cent.  On  the  assumption  that  the  figures  for 
the  titrations  were  absolutely  correct,  which  is  scarcely  allowable,  this  discrepancy 
implies  an  average  error  in  the  salinometer  readings  amounting  to  a  little  over  3  in 
the  fourth  decimal  place.  We  have  thus,  in  any  case,  some  measure  of  the  accuracy 
of  the  specific  gravity  determinations  here  recorded.  As  already  stated,  the  fourth 
figure  is  not  entirely  trustworthy.  It  must  be  remembered,  however,  that  local  dif- 
ferences have  been  pointed  out  within  our  region  equal  to  about  ten  times  the  amount 
of  this  average  error. 

Seven  water  samples  obtained  by  us  in  August,  1909,  at  points  within  Nantucket 
Soimd  and  beyond  its  eastern  end,  yielded  specific  gravities  varjdng  only  from  1.0237 
to  1.0239.  These  figures  are  close  to,  but  slightly  lower  than,  those  found  in  Vineyard 
Sound  during  the  same  month  two  years  previously. 

o  This  figure  is  somewhat  too  low.  since  only  the  upper  half  of  the  Bay  was  represented  in  the  If  arch  series.  Here,  m 
stated,  the  density  is  particularly  low. 

k  These  titrations  were  for  the  most  part  made  by  Dr.  W.  M.  Clark,  then  a  scientific  assistant  at  the  Woods  Hole 
laboratory. 
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I.  THE  DREDGING  RECX)RDS. 

Complete  records  were  kept  of  every  dredge  haul  of  the  Survey,  comprising  such 
data  as  the  bearings,  date,  depth,  etc.,  at  each  station,  as  well  as  a  list  of  the  aggregate 
fauna  and  flora  found  to  occur  there.  It  was  our  original  expectation  to  publish  the  entire 
set  of  statioii  records  as  an  appendix  to  the  present  report,  for  it  would  certainly  be 
desirable  to  insure  the  permanency  of  these  records  through  printing.  They  are  the 
crude  data  up<Hi  which  most  of  our  ensuing  discussion  is  based,  and  it  is  highly  probable 
that  they  would  )deld  other  results  of  value  if  subjected  to  further  analysis.  Here, 
and  here  only,  do  we  find  what  forms  of  life  are  associated  together  upon  a  given 
area  of  the  sea  bottom.  Owing  to  the  voliuninous  character  of  these  records,  however, 
it  has  not  been  found  practicable  to  publish  them  in  their  entirety,  although  a  ''List 
of  Stations"  is  presented  at  the  close  of  section  I.  As  regards  the  associations  of 
species,  we  must  be  content  at  present  with  presenting  the  data  in  a  generalized  form, 
except  for  the  reproduction  of  a  very  few  complete  station  records  by  way  of  illustration. 

In  all  there  are  458  stations,  belonging  to  the  regular  series,  which  may  be  classi- 
fied as  follows: 

Fish  Hawk,  Vineyard  Sound ai8 

Fish  Hawk,  Buzzards  Bay 66 

Fish  Hawk,  Crab  Ledge 7 

Phalaiope  and  Blue  Wing,  Vineyard  Sound 77 

Phalarope,  Buzzards  Bay 90     - 

Total 458 

With  a  few  exceptions  (see  below)  these  stations  were  all  dredged  during  the  sum- 
mers of  1903,  1904,  and  1905.  The  Fish  Hawk  was  employed  during  all  three  of  these 
seasons,  the  Phalarope  (supplemented  by  the  Blue  Wing)  during  the  second  and  third 
seasons.  Owing,  however,  to  an  accident  which  prevented  the  use  of  the  Phalarope 
along  the  western  shore  of  Buzzards  Bay  in  1905,  the  latter  region  was  not  dredged 
until  the  summer  of  1907.  These  1907  stations  have  been  charted  along  with  the  others 
and  the  records  included  in  the  same  series.  There  are  likewise  included  with  the  regu- 
lar series  certain  repeated  stations.  Owing  to  the  somewhat  tentative  character  of 
the  Vineyard  Sotmd  dredgings  in  1903,  34  of  these  earlier  stations  were  redredged  (ap- 
proximately) in  1904,  partly  with  the  Fish  Hawk,  partly  with  the  Phalarope.  Such 
stations  have  been  designated  by  the  original  number,  with  the  addition  of  the  Latin 
word  "bis."  The  "bis"  stations  have  all  been  treated  as  Fish  Hawk  stations,  and  a 
Est  of  them  is  published  at  the  end  of  the  Fish  Hawk  series.  The  records  for  the  occur- 
rence of  each  species  at  this  group  of  repeated  stations  have  been  incorporated  serially 
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with  the  others  in  the  annotated  list,  and  these  records  have  been  included  in  plotting 
the  distribution  charts. 

During  the  summers  of  1906,  1907,  1908,  and  1909  various  supplementary  dredg- 
ings  were  carried  on  with  both  the  Fish  Hawk  and  the  Phalarope,  and  at  least  150  sta- 
tions were  dredged.  These  were  in  most  cases  more  or  less  approximate  repetitions  of 
stations  of  the  regular  series.  On  most  of  these  occasions  search  was  made  only  for 
particular  species,  and  no  list  wsis  kept  of  the  entire  collection  of  organisms  brought 
up.  In  the  case  of  the  hydrdds,  Bryozoc^  and  Foraminifera,  however,  and  (rf  unusual 
species  belonging  to  any  group,  the  records  derived  from  these  supplementary  stations 
are  to  a  large  extent  included  with  the  others,  the  year  of  the  dredging  being  indicated. 
During  the  summer  of  1909,  26  of  the  earlier  stations  in  Buzzards  Bay  (mainly  of  the 
Fish  Hawk  series)  were  repeated  with  rough  approximation  by  the  Phalarope,  and 
fairly  full  lists  were  made  of  the  organisms  taken  at  each.*  These  Ksts  have  been 
appended  to  the  regular  series.  Several  trips  were  Hkewise  made  during  the  summer  of 
1907  for  the  special  purpose  of  collecting  algae. 

To  what  degree  the  earlier  records  have  been  confirmed  or  corrected  by  these  sup- 
plementary dredgings  will  appear  from  time  to  time  in  the  special  discussion  relating 
to  particular  species.  It  may  be  noted  in  passing,  however,  that  the  later  operations 
have  added  very  materially  to  the  accuracy  of  our  results  as  a  whole. 

A  chart  (no.  226)  has  been  prepared  indicating  the  position  and,  so  far  as  possible, 
the  direction  and  extent  (see  p.  18)  of  the  dredgings  of  the  survey.  Upon  this  chart 
the  stations  are  numbered,  these  numbers  corresponding  to  those  given  in  the  Hsts.  The 
numbers  employed  are  arranged  consecutively  according  to  date.  They  do  not  there- 
fore bear  any  necessary  relation  to  the  position  of  the  stations.  In  order  to  facilitate 
the  finding  of  a  given  station  by  the  reader  the  following  general  statements  are  offered: 

(i)  The  Ftsh  Hawk  stations  are  all  indicated  by  numbers  of  four  digits,  commenc- 
ing with  7,  thus:  7521,  etc.  The  Phalarope  and  Blue  Wing  stations  are  indicated  by 
ntunbers  ranging  from  i  to  167. 

(2)  Fish  Hawk  stations  are  designated  either  by  a  circle  or  by  a  chain  of  two, 
three,  or  four  smaller  circles,  connected  by  a  straight  or  curved  line  (see  p.  18).  Phala- 
rope  and  Blue  Wing  stations  are  designated  by  arrows,  which  show  the  direction  of 
the  haul,  and,  very  roughly,  its  relative  duration.  These  last  are  in  all  cases  near  shore, 
except  for  a  few  upon  the  Middle  Ground  shoal  at  the  eastern  end  of  Vineyard  Sound. 

(3)  Fish  Hawk  stations  7521  to  7602  are  in  Vineyard  Sound,  commencing  near 
Nobska  Point  and  nmning  to  the  westward.  They  are  arranged  at  intervals  erf  about 
three-fourths  of  a  mile  along  lines  crossing  the  Sound  at  a  distance  of  about  i  mile  from 
one  another.  Near  the  western  end  of  Vineyard  Sound  three  of  these  Hnes  are  num- 
bered in  a  reversed  order,  i.  e.,  stations  7581  to  7587  are  along  the  line  connecting  Gay 
Head  and  Cuttyhunk,  the  next  stations  in  serial  order,  being  upon  a  line  passing  from 
Nashawena  to  a  point  about  i  mile  east  of  Gay  Head. 

(4)  Stations  7603  to  7609,  inclusive,  are  at  Crab  Ledge  (see  chart  223),  and  are 
therefore  pot  included  up<Mi  the  present  chart. 

(5)  Stations  7610  to  7675  are  in  Buzzards  Bay — 7610  to  7635  are  in  the  upp«r 
half,  starting  from  a  point  near  Woods  Hole;  7636  to  7675  are  in  the  lower  half. 

a  Certain  fitmps.  however,  did  not  recchre  adequate  attention,  and  comparatively  few  off  tbcae  ipfriniffif  were  itfencd  to 
•pedalists  for  identification. 
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(6)  Stations  7676  to  7783  (except  77 11  to  7716)  are  in  Vineyard  Sound,  beginning 
at  the  western  end  and  passing  eastward,  though  the  order  is  not  at  all  regular. 

(7)  Stations  771 1  to  7716,  inclusive,  do  not  appear  upon  the  chart. 

(8)  Stations  i  to  19,  24  to  43,  and  52  to  167  were  dredged  by  the  PhcUarope;  20  to 
23  and  44  to  51  by  the  Blue  Wing. 

(9)  Stations  I  to  77  are  in  Vineyard  Sound.  No.  i  is  along  the  shore  of  Nonamesset 
Island.  The  first  series  continues,  not  always  in  re^jular  order,  to  38,  at  Cuttyhunk, 
though  35,  36,  and  37  are  at  Sow  and  Pigs  Reef.  Stations  39  to  43  are  along  the  shoal 
Middle  Ground.  Stations  44  to  51  and  56  to  60  are  at  Gay  Head;  61,  62,  and  63  are  near 
West  Chop;  64  to  68  are  along  the  shore  of  Marthas  Vineyard  from  Prospect  Hill  to 
Cedar  Tree  Neck;  69  to  72  are  in  Vine3rard  Haven;  while  stations  73  to  77  extend  from 
Nortons  Point  to  Cedar  Tree  Neck. 

(10)  Stations  78  to  167  are  in  Buzzards  Bay.  They  commence  at  Nashawena 
Island,  and  extend  northeastward  along  the  shores  of  Pasque  and  Naushon;  the  series 
then  skips  to  Cuttyhunk  (99  to  104),  then  to  Weepecket  Islands  (105  to  no),  then  to 
Cuttyhunk  again  (in  and  112)  and  to  Penikese  (113  to  116).  Station  117 is  at  Unca- 
t^na  Island,  and  118  to  123  are  in  the  immediate  neighborhood  of  Woods  Hole.  From 
this  point  the  series  extends  pretty  regularly  up  the  eastern  shore  of  Buzzards  Bay, 
and  from  the  head  of  the  Bay,  down  the  western  shore,  at  wider  intervals. 

The  complete  records  of  four  of  our  stations  (dredge  hauls)  are  presented  herewith. 
We  have  selected  one  Fish  Hawk  station  in  Buzzards  Bay  (7656),  one  Fish  Hcnck  station 
in  Vineyard  Sound  (7730),  one  Phaiarope  station  in  Vineyard  Sound  (52),  and  one 
Phalarope  station  in  Buzzards  Bay  (83).  In  each  case,  that  station,  within  each  group, 
has  been  selected  from  which  the  greatest  number  of  species  was  recorded.  ThtB,  61 
species  of  animal^  and  20  species  of  plants  were  found  at  station  no.  7656;  81  animals 
and  13  plants  at  no.  7730;  72  animals  and  14  plants  at  no.  52;  and  68  animals  and  1 1 
plants  at  no.  83.  These  are  accordingly  not  typical  dredge  hauls  in  the  sense  of  being 
average  ones,  numerically  speaking.*  On  the  other  hand,  the  bottoms  which  were 
traversed  were  probably  characteristic  enough  of  the  regions  which  they  represent. 

No  attempt  has  been  made  by  us,  here  or  elsewhere,  to  count  the  number  of  indi- 
vidual organisms  taken  in  a  single  haul  of  the  dredge.  Such  figures  are,  however,  so 
entirely  dependent  upon  the  character  and  size  of  the  dredge  employed,  and  the  dura- 
tion of  the  haul,  that  we  <Jo  not  believe  that  the  value  of  any  results  of  this  sort  would 
have  been  commensurate  with  the  labor  involved  in  counting. 

Even  these  maximtun  figures  from  our  dredging  in  Vineyard  Sound  and  Buzzards 
Bay  fall  much  below  some  of  those  oflfered  by  Herdman  and  Dawson  (1902,  p.  20  et  seq.). 
For  example,  in  three  successive  hauls  in  the  neighborhood  of  Port  Erin,  at  depths  of 
16  to  18  fathoms,  these  writers  record  93,  iii,  and  156  species  of  animals.  Moreover, 
we  are  informed  that  these  hauls  are  ''characteristic"  and  not  ''picked''  ones,  being 
made  "for  the  purpose  of  comparison  with  some  published  from  other  seas."  Further 
comparisons  between  the  fauna  of  our  region  and  that  of  the  Irish  Sea,  in  respect  to 
wealth  of  species,  will  be  found  on  pages  88  and  89. 

o  The  nttmbcrs  for  Uiese  statioas  are  about  twice  the  averace  ones.    See  p.  77.  . 
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FISH   HAWK   STATION  7656. 

August  12,  igo4, — North  end  Penikese  Island  W.  by  S.,3>^  miles;  Dumpling  Rock 
Light  NNW.  K  W.,  4J4  miles;  8  fathoms;  sandy  mud ;  7-foot  beam  trawl,  scrape  dredge; 
drift  NE.  H  mile. 


Animals. 
Hydrozoa: 

?Obelia  geniculata  (on  LaminAfia).    ' 

Tubularia  crocea  (few  colonies). 
Bryozoa: 

.^Stea  anguina. 

Btigula  turrita. 

Cellepora  americana. 

Lepralia  sp.  (americana  or  pallasiana). 

Membranipora  pilosa. 

Schizoporella  unicornis. 
Annulata: 

Arabella  opalina  (i). 

Brada  setosa  (i). 

Cistenides  gouldii  (i  tube). 

Clymenella  torquata  (several  tubes). 

Diopatra  cuprea  (few  tubes). 

Harmotho^  imbricata  (i  tube). 

Lumbrineris  hebes  (i). 

Nephthys  incisa  (several). 

Nicolea  simplex  (a  tubes  on  Laminaria). 

Nino£  nigripes  (several). 

Rhynchobolus  americanus  (i). 

Spiochsetopterus  oculatus. 

Spiiorbis  spirorbis  (on  Laminaria,  etc.). 

Trophonia  afimis  (several). 
Cirripbdia: 

Balanus  sp.  (probably  ebumeus)  (few). 
Dbcapoda: 

Cancer  irroratus  (several). 

Libinia  emarginata  (several  large  and  small). 

Neopanope  texana  sayi  (i). 

Pagurus  longicarpus  (several  in  shelb  of  Nassa). 
Amphipoda: 

iCginella  longicomis  (i). 

Amphitlio€  rubricata  (i). 

Caprella  geometrica  (i). 

Ptilocheirus  pinguis  (many). 
Isopoda: 

Erichsonella  iiliformis  (i). 
PslBcypoda: 

Anomia  simplex. 

Area  transversa  (few  shells). 

Astarte  castanea  (several  shelb). 

Astarte  tmdata  (several  shells). 

Callocardia  morrhuana  (few  shells). 

Cardium  pinnulatum  (few  shells). 

Clidiophora  gouldiana  (few). 

Ensis  directus  (few  shells). 

Mytilus  edulis  (several  large  and  small  shells). 


Pblbctpoda— Continued. 

Nucula  pfoxima. 

Petricola  pholadifonnis. 

Tellina  tenera. 

Venus  mercenaria  (few  small  shells). 

Yoldia  limatula  (i). 
Gastropoda: 

Anachis  avara  (few  shells). 

Astyris  limata. 

Crepidula  fomicata  (few  shells  and  liviag). 

Crepidula  plana  (few  shells). 

Littorina  litorea  (i  shell). 

Tritia  trivittata  (several  shells). 

Turbonilla  vin«. 

Turbonilla  winkleyi. 

Turbonilla  sp. 
Cbphalopoda: 

Loligo  pealii  (eggs  and  young). 
Pbcbs: 

Paralichthys  oblotigus  (i). 

Prionotus  cafolinus. 

PSeudopleuronectes  americanus  (3). 

Spheroides  maculatus  (i). 

Stenotomus  chrysops  (many  young). 

Ufophycis  tenuis  (i  living). 

Plants. 

PHJlOPHYCSiS: 

Chorda  filum  (i). 
Chordaria  flagelliformis  (many). 
Desmarestia  aculeata  (few). 
Dictyodphon  hippuioides  (many). 
Ectocarpus  fasciculatus  (many). 
Laminaria  Agardhii  (many). 
Rhodophycbjb: 

Ahnfeldtia  plicata  (few). 

Callithamnion  Baileyi  (many). 

Ceramium  rubrum  (many). 

Champia  parvula  (few). 

Chondrus  crispus  (many). 

Cystoclonium  purpurascens  (few). 

Cystockmium    purpurascens   var.    cirrhosurii 

(few). 
Dasya  elegans  (i). 
Phyllophora  Bnxiisei  (many). 
Polysaphonia  elongata  (x). 
Pol3rsiphonia  nigrescens  (few). 
Rhodomela  subfusca  (i). 
Rhodymenia  palmata  (i). 
Spyridia  filamentosa  (few). 
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PISH  HAWK  STATION  7730. 

August  8.  1^03, — (a)  Prospect  Hill-Nashawena,  115°  59',  Nashawena-Gay  Head, 
^7®  59';  W  Prospect  Hill-Pasque,  92°  27',  Pasque-Gay  Head,  115**  22';  (c)  Prospect 
HiU-Pasque,  loi®  57',  Pasque-Gay  Head,  118®  41';  12  fathoms;  hard  sand;  9-foot 
beam  trawl  and  mud  bag. 


AmMALS. 

Foraionifbra: 

Biloculina  ringens. 

Diaoorbina  rosacea. 

Miliolina  seminulum. 

Rotalia  beccaiii. 
Porifbra: 

Cliona  celata  (much). 
Hydrozoa: 

Eudendrium  dispar. 

Halecium  halecinum. 

Hydractinia  echinata. 
?Obelia  geniculata. 

Pennaiia  tiareUa. 
Brtozoa: 

<^tea  anguma. 

Bicellaria  ciliata. 

Bugula  turrita. 

C^kpora  americana. 

Hippuraria  annata. 

Lichenopora  vemicaria. 

Membranipora  tenuis. 

Schizoporella  unicornis. 

Smittia  trispinosa  nitida. 
Astbrgidba: 

Asteiias  forbesi  (i). 

Asterias  vulgaris  (a). 

Henricia  sanguinolenta  (i  large). 
QpmxjRomBA: 

Amphipholis  squamata. 
EcHmoroSA: 

Echinarachnius  parma  (a  shelb  and  i  living). 
Annulata: 

Diopatra  cuprea  (i  tube). 

HarmothoC  imbricata  ( i ) . 

Lepidonotus  squamatus. 

Nioolea  simplex  (3). 

Pseudopotamilla  oculifera  (many  tubes). 

PSpiiorbis  spirorbis  (few). 
Copbpoda: 

Argulus  megalops  (i). 

DBCAPODA! 

Cancer  inoratus  (several). 
Crago  septemspinosus  (i). 
Homarus  americanus  (several). 
Libinia  emarginata  (many  small). 
Ovalipes  ocellatus  (few). 
Pagurus  acadianus  (several). 
Pagiuiis  annulipes  (several). 
Pagurus  longicarpus  (few). 


Amphipoda: 

<£ginella  longicomis  (very  many  large  and 
small). 

Ampelisca  macrocephala  (i). 

Ampelisca  spinipes  (3). 

AmphithoC  rubricata  ( i ) . 

Byblis  serrata  (4). 

Cocophium  cylindricum  (a). 

Ericthonius  minax  (4  males,  i  female). 

Ericthonius  rubricomis  (i  female). 

Pontogenia  inermis  (10  small). 

Unciola  irrorata  (a  small). 
Isopoda: 

Edotea  montosa  (x). 

Erichsonella  filiformis  (a). 

Idothea  phosphorea  (several). 
PB1.BCYPODA: 

Anomia  simplex  (many  shells). 

Astarte  tmdata  (several  shells). 

Callocardia  morrhuana. 

Cardium  pinnulatum  (few  living  and  shells^ 

Clidiophora  gouldiana  (i  living  and  x  shell). 

Cyclas  islandica  (i  shell). 

Di varicella  quadrisulcata  (i  shell). 

Ensis  directus  (i  shell). 

Lyonsia  hyalina  (3  shelb). 

Modiolaria  nigra  (few  very  small  living). 

Mytilus  edulis  (i  living). 

Nucula  proxima  (i  shell). 

Pecten  gibbus  borealis  ( i  fragment  and  x  shell). 

Pecten  magellanicus  (i  fragment). 

Spisula  solidissima  (several  shelb). 

Tellina  tenera  (few  living  and  x  shell). 

Venericardia  borealis  (few  shelb). 

Venus  mercenaria  (i  large  shell). 
Gastropoda: 

Anachb  avara  (few). 

Ast}rris  Itmata. 

Lactma  puteola  (a). 

Polynices  heros  (several). 

Tritia  trivittata  (few  living  and  shelb). 

Vermicularia  spirata  (x  shell). 
Cephalopoda: 

Loligo  pealii. 
Tunic  AT  a: 

Amaroucium  stellatum. 
Pisces: 

Pseudopleuronectes  americanus  (3). 

Raja  erinacea  (3). 
?Raja  ocellata  (i). 


Digitized  by 


Google 


6o 


BULUtriN  or  THB  BUREAU  OP  FISHERIES. 


Plants. 

Chorda  fihim  (drifted  fragments). 
Desmarestia  acnleata  (few). 
Desmarestia  viridis  (few). 
Dictyosiphon  hippuroides  (few). 
Fuctis  vesiculo6us  (drifted  fragment). 
Saigassum  Filipendula  (drifted  fragments). 


RBODOPBTCSiB: 

Agardhiella  tenera  (few). 
Antithamnkm  cruciatum  (few). 
Ceramium  tenuissimum  (few). 
Cystockmhim    purpurascens    var. 

(many). 
Grinnellia  americaoa  (x). 
Polyapbonia  elongata  (few). 
Polyapbonia  nigrescens  (ma&y). 


cm 


PHALAROPE  STATION   52. 

August  II,  1904. — 7-6>^  fathoms;  shelly  and  gravelly. 


Anxmals. 
Hydrozoa: 

Tubularia  crocea  (few  tubes). 
Bryozoa: 

Bugula  turrita  (many). 
Astsroidba: 
.    Asterias  forbesi  (several). 

Asterias  vulgaris  (several). 

Henricia  sanguinolenta  (2). 
Echinoidba: 

Arbacia  ptmctulata  (few). 

Echinaracbnitts  parma  (many). 

Stiongylocentiotus     dioebachiensis     (several 
living). 
Annulata: 

Diopatra  cuprea  (many  tubes). 

HarmothoC  imbricata  (common). 

Hydroides  dianthus  (few). 

Nephthys  indsa  (i  fragment). 

Nereis  pelagica  (several). 

Pista  sp.  (fragment  of  i  tube). 

Pseudopotamilla  oculifera  (i). 

Sobellaria  vulgaris  (i  tube). 
Dvcapoda: 

Cancer  inoratus  (many  small). 

Crago  septemspinosus. 

Libinia  emarginata  (several  small). 

Pagurus  acadiatnus  (a  small). 

Pagurus  annulipes  (few). 

Pagtuiis  longicarpus  (many). 
Amphipoda: 

Corophium  cylindricum  (i). 

IschyTocerus  anguipes  (i  small). 

Unciola  irrorata  (i). 
Isopoda: 

Erichsonella  filiformis. 
Pblecypoda: 

Anomia  aculeata  (i  shell). 

Anomia  simplex  (few  shells). 

Area  transversa  (few  living  and  shells). 


Pblbcypoda— Continued. 

Astarte  castanea  (several). 

Astarte  undata  (few). 

Callocardia  morrhuana  (many  shells). 

Cardium  pinnulatum  (common,  living). 

Clidiophora  gouldiana  (many  shells). 

Cochkxlesma  leanum  (abundant). 

Corbula  contracta  (i  shell). 

Crasstnella  mactracea  (many  living). 

Crenella  glandula. 

Cumingia  tellinoides  (few  shells). 

Ensis  directus  (small  living). 

Lyonsia  hyalina  (i  living). 

Modiolaria  nigra  (few  shells). 

Modiolus  modiolus  (few  shells). 

Mulinia  lateralis  (few  shells). 

Mytllus  edulis  (few). 

Nucttla  proxima  (few). 

Pecten  magellanicus  (i  shell). 

Petricola  pholadiformis  (2  shells). 

Spisula  solidissima  (many  shells). 

Tellina  tenera  (few  shells). 

Venericardia  borealis. 

Venus  mercenaria  (few  shells). 

Yokila  limatula  (i  shell). 
Gastropoda: 

Anachis  avara  (several  shells). 

Astyris  limata  (many  living). 

Busycon  canaliculatum  (x). 

Caecum  cooperi. 

Cerithiopsisemersonii  (i  shell). 

Crepidula  convexa  (several  living). 

Crepidula  fomicata  (many  shells). 

Crepidula  plana  (many  living). 

Lactma  puteola  (few  shells). 

Littorina  rudis  (i  living,  2  shells).  ^ 

Pdlynices  duplicata  (few,  z  living). 

Polynices  heros  (few  shells). 

Pdlynices  triseriata  (several  living  and  shells). 

Tritia  trivittata  (living  and  many  shells). 


«  The  occtuTcnoe  of  this  vptd^  In  Um  prefent  di«dge  haul  to  inexplicable     The  ■perimmi  doobtleat  came  fh>m  much 
nearer  shore,  being  retained  in  the  net,  perhaps,  from  the  preoedtaig  hauL 


Digitized  by 


Google 


BIOLOGICAL  SURVEY  OP  WOODS  HOLE  AND  VICINITY. 


6x 


Gastropoda— Continued . 

Urooalpinx  cinereus  (few). 
Amphinbuka: 

Cbflctopleura  apiculata  (several). 
Cbphalopoda: 

Loligo  pealii  (i  mass  of  eggs). 
Piscss: 

Myoxocephalus  scneus  (few). 

Raja  8p.,  egg  capsule  (i). 

Plants. 

Ftslbopbyczm: 

Chordaiia  flagelliforads  (few). 
Ralfsia  clavata  (few). 


r). 


RHODOPHYCBiS: 

Agwdhiella  tenera  (oMaiy). 
Antithamnion  cruciatum  (fe 
Corallina  officinalis  (few). 
Cystoclonium  purpurascess  (few). 
Cystockmium   purpuraacens   var.   dfriioium 

(few). 
Griffithsia  Bometiaaa  (few). 
Lithothanmion  polymofpluun  (few). 
PhyUophora  Bfodisi  (few). 
Pdlysiphonia  nigrescens  (many). 
Rhodymenia  palmata  (few). 
Seirospora  Griffithnana  (oMaiy). 
Spyridia  filamentoaa  (many). 


PKALAROPE  STATION   83. 

July  12,  190^. — North  shore  of  Pasque  Island;  5-7  fathoms;  sand. 


Animals. 
Poraminipbra: 

Miliolina  cifculatis. 
Poripbra: 

Cliona  celata  (a  pieces). 
Hydrozoa: 

Hydractinia  echinata. 

Sertulariasp. 

Thuiaria  afgentea. 

Tubularia  ccocea  (dead  tubea). 

ACTiNOSOA: 

Astrangia  dans  (several  small). 
Bryozoa: 

iStea  anguina. 

Bugula  tunita. 

Crista  ebumea  (few). 

Hippothoa  hyalina. 

Lepralia  sp.  (americana  or  pallasiana). 

Membranipora  pilosa. 

Membranipora  tenuis. 

Schizoporella  unioomis. 

Smittia  trispinosa  nitida. 
Astbroidba: 

Asterias  vulgaris  (i  small). 

Henricia  sanguinolenta  (i  small). 

ECflINOn>BA! 

Arbacia  punctulata  (spines). 
Bchinaradinius  parma  (i  shell). 
Annulata: 

Diopatra  cuprea  (few  tubes). 
HarmothoS  imbricata  (2  very  small). 
Hydroides  dianthus  (several). 
Lepidonottis  squamatus  (i). 
Nereis  arenaceodentata  (i). 
Nereis  pelagica  (i  young). 
Pista  sp.  (fragments  of  several  tubes). 
Spirorbissp.  (2  tubes). 


CnuuPBDiA: 

Balanus  sp.  (probably  ebumeus)  (few). 
ScmzopOD: 

Scbizopod  (tmdetermined). 
Dbcapoda: 

Crago  septemspinosus  (many). 

Homarus  americanus  (x  fragment). 

Libinia  emargiBaita. 

Pagurus  annulipes  (several). 

Pagurus  longicarpus  (common). 
Ajcphzpoda: 

Leptochelia  aavignyi. 
Isopoda: 

?Bdotea  acuta  (i). 
Insbcta: 

Sarcopfaaga  sp.  larva  (probably  not  actttally 
dredged  from  bottom). 
Pblbcypoda: 

Area  transversa  (several). 

Astarte  castanea  (few  living). 

Callocardia  morrhuana  (few). 

Cardium  pinnulatum  (several  shells). 

Clidiopbora  gouldiana  (i  living). 

Corbula  contracta  (few  shelb). 

Crassinella    mactraoea    (several    living    and 
shells). 

Crenella  glandula  (2  shells). 

Cumingia  tellinoides  (2  shelb). 

Bnsis  directus  (shells). 

Mytilus  edulis  (fragments  and  young). 

Ostrea  virginica  (x  living). 

Pecten  gibbus  borealis  (2  shells). 

Yoldia  limatula  (few,  i  living). 
Amphinbura: 

Chsetopletu^  apiculata  (2). 
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Gastropoda: 

Anadiis  avara  (oommoii,  living  and  diells). 

Astyris  Innata. 

Cochlodesma  leanum  (i  shell). 

Crepidula  oonvexa  (z  living). 

Qrepidula  fomicata  (many  shells). 

Crepidula  plana  (few). 

Bupleura  caudata  (several  shells). 

Littorina  litocea  (z  shell). 

Polynices    triseriata    (common,    living    and 
shells). 

Tritia  trivittata  (many  living). 

Uiosalpinx  dnereus  (few  shells). 

Vennicularia  qnrata  (several  shells). 
Tunicata: 

Didemnum  lutarium  (several  masses). 

Molgula  manhattensis  (a). 


PucBs: 

Myoxocephalus 

Plants. 
Fhmopuvckm: 

Desmaresda  acnleata  (many). 
Leathesia  difformis  (z  drift). 

RHODOPHYCBiS: 

Callithamnkm  foseum  (a). 

Gvallina  officinalis  (i  drift). 

Cystoclonium    purpurascens   var.    dirfaosum 

(many). 
Phyllopbora  Bfodisei  (many). 
Phyllophora  membranilolia  (many). 
Polyidesrotimdns  (many). 
Polysiphonia  nigrescens  (many). 
Pol3rsiphonia  urceolata  (i). 
Rhodomela  subftisca  (i). 


2.  THE  WSTRIBUTKMM  CHARTS. 

We  have  deemed  it  advisable  to  publish  a  large  number  of  charts  portraying  the 
distribution  of  species  as  revealed  by  the  station  records.  It  is  not  likely  that  the 
lists  of  station  numbers  given  in  the  text  for  each  species  will  often  be  translated  by 
the  reader  into  definite  localities;  while,  on  the  other  hand,  the  generalized  statements 
of  the  authors  are  necessarily  incomplete  and  at  best  do  not  take  the  place  of  graphic 
representations  such  as  the  charts.  Some  explanation  is  necessary  for  a  proper  under- 
standing of  these  last.  With  a  few  exceptions,  they  are  based  upon  the  records  of  the 
regular  dredging  stations  only,  i.  e.,  those  for  the  years  1903,  1904,  and  1905.*  No  data 
derived  from  outside  information,  however  reliable,  have  been  included  here,  nor  even 
data  from  our  own  shore  collecting,  or  (exceptions  aside)  from  our  supplementary  dredg- 
ings  and  repetitions  of  earlier  stations,  though,  of  course,  such  additional  data  have 
been  incorporated  in  the  text.  The  exceptions  mentioned  include  the  "bis"  stations 
as  a  whole  (see  p.  55),  the  records  from  which  have  been  plotted  for  all  species. 
In  the  case  of  the  Foraminifera,  hydroids,  and  Bryozoa,  many  records  derived  from 
supplementary  dredgings  (repeated  stations)  during  the  summers  of  1 906-1 909  have 
been  plotted  upon  the  charts.  This  has  been  considered  advisable  owing  to  the  probable 
imperfection  of  the  original  records  for  all  of  these  organisms. 

Such  procedure  is  open  to  two  objections.  In  the  first  place,  the  repeated  stations 
are  at  best  rather  rough  approximations  to  the  original  ones  whose  numbers  have  been 
given  them.  Even  with  the  greatest  care,  it  is  impossible  to  lower  a  dredge  at  precisely 
the  same  point  as  on  a  previous  occasion,  and  in  the  case  of  most  of  our  repetitions,  lack 
of  time  prevented  the  maneuvering  necessary  to  a  very  exact  location  of  the  spot  origin- 
ally charted.  In  the  second  place,  the  repeated  stations  were  not  distributed  with  any 
regularity  throughout  the  region  dredged,  and  imless  due  caution  is  exercised  the  results 
of  these  are  likely  to  be  misleading.  Moreover,  since  the  records  from  these  have  been 
plotted  only  for  certain  groups,  undue  emphasis  has  in  some  cases  probably  been  thrown 
upon  the  latter.     Despite  these  objections,  however,  we  beHeve  that  the  distributions 

a  Including  the  compktion  of  the  western  shore  of  Buzzards  Bay  in  1907. 
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of  the  spedes  in  question  have  been  portrayed  more  fairly,  on  the  whole,  than  if  the 
supplementary  records  had  been  omitted. 

Without  making  certain  allowances  one  might  be  greatly  misled  by  these  charts. 
Some  of  the  sources  of  possible  misconception  have  just  been  referred  to.  For  all  groups 
the  greater  apparent  abundance  of  various  species  in  Vineyard  Sound,  as  compared  with 
Buzzards  Bay,  is  frequently  to  be  explained  merely  by  the  greater  number  of  dredging 
stations  in  the  former.  The  Fish  Hawk  was  employed  during  two  seasons  upon  the 
Vineyard  Sound  series  of  stations,  while  systematic  dredging  by  this  vessel  in  Buzzards 
•Bay  was  limited  to  the  summer  of  1904.  Thus  there  are  218  Fish  Hawk  stations  in  Vine- 
yard Sound  and  only  66  in  Buzzards  Bay,  although  the  latter  is  a  considerably  larger 
body  of  water.  The  concentration  of  stations  in  the  Sound,  so  obvious  upon  the  chart, 
is  thus  explained.  The  latter  condition  is  emphasized  by  the  inclusion  in  the  distri- 
bution charts  of  records  from  the  *'bis''  stations  (see  above),  all  of  which  were  in  Vine- 
yard Sound.  This  disparity  in  the  thoroughness  with  which  the  two  bodies  of  water 
were  worked  was  due  (i)  to  the  fact  that  the  earlier  and  more  or  less  experimental 
dredgings  were  conducted  in  Vineyard  Sound,  and  it  was  regarded  as  desirable  to  repeat 
these;  and  (2)  to  the  greater  uniformity  of  conditions  throughout  the  bottom  of  Buz- 
zards Bay,  rendering  it  unnecessary  to  dredge  at  such  frequent  intervals. 

Another  point  for  which  allowance  must  be  made  is  the  fact  that  the  apparent 
absence  of  a  species  from  a  given  area  is  in  some  cases  due  merely  to  the  absence,  for  the 
time,  of  a  collector  accustomed  to  search  for  this  particular  form,  or  even  to  the  lack 
of  dredging  apparatus  suitable  for  bringing  it  up.  Such  cases,  and  other  possible 
sources  of  error,  will  be  discussed  in  their  proper  places  in  connection  with  particular 
groups  of  animals. 

Finally,  reference  must  be  made  to  certain  spurious  distribution  patterns,  which 
result,  not  from  any  defect  in  our  own  methods,  but  from  the  transportation  of  organic 
remains  to  points  where  the  animals  themselves  had  probably  never  lived.  As  an 
illustration  of  this  phenomenon  we  may  mention  the  occurrence  of  shells  of  the  common 
oyster  in  the  deeper  parts  of  Vineyard  Sound,  where  their  presence  is  probably  to  be 
attributed  to  passing  vessels.  Another  instance  is  the  transportation  of  littoral  shells 
(e.  g.,  Littorina  litorea)  by  hermit  crabs,  and  it  is  likely  that  the  lighter  shells  of  certain 
moUusks  and  the  remains  of  various  other  organisms  are  carried  to  considerable  distances 
by  currents. 

The  distribution  charts  are  reproduced  from  maps  plotted  out  by  Mr.  James  W. 
Underwood  and  Miss  Edith  Chapman.  These  assistants  employed  a  blank  form  based 
upon  a  chart  prepared  by  the  draftsman  of  the  Bureau,  Mr.  W.  F.  Hill.  The  stars  were 
first  put  in  with  a  rubber  stamp  and  then  filled  out  with  a  drawing  pen  and  india  ink. 
Owing  to  the  crowding  of  stations  or  the  proximity  of  some  of  these  to  shore,  the  star  is, 
in  many  cases,  at  some  distance  from  the  station  to  which  it  belongs. 

It  has  not  been  thought  worth  while  to  plot  the  distributions  of  any  species  which 
were  taken  at  less  than  10  of  the  stations.  On  the  other  hand,  the  distributions  of  all 
animals,^  with  a  few  special  exceptions,  which  were  listed  from  10  or  more  stations 
have  been  presented  herewith.     Thus  the  charts  are  restricted  to  the  more  representa- 

a  This  statement  does  not  strictly  hold  for  the  plants. 
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tive  species  comprised  in  our  Uxsi  benthos.  In  many  cases,  however,  highly  instructive 
data  have  been  obtained  regarding  forms  of  less  frequent  occurrence.  Such  have  been 
referred  to  in  the  text. 

Records  entered  as  doubtful  have  been  excluded  in  plotting  the  distribution  charts. 
In  the  charts  for  the  shell-bearing  moUusks  and  echinoderms,  and  for  the  cecal  Asirangia, 
it  will  be  found  that  the  stars  are  in  msmy  cases  surrounded  by  circles.  The  ctide  in 
each  case  indicates  that  one  or  more  living  specimens  were  recorded  from  the  station  in 
question;  absence  of  the  circle  implies  either  that  the  records  incticate  the  presence  of 
dead  shells  only,  or  that  no  statement  has  been  made  on  the  subject. 

3.  THE  FAUNA  CX)NSID£RED  ACOOROQ^G  TO  REGIONS  AND  HABITATS. 

Many  of  the  species  encountered  during  our  dredging  operations  were  found  to 
have  a  practically  unrestricted  distribution  within  the  waters  explored.  In  the  case 
of  many  other  species,  their  distribution  was  found  to  be  definitely  restricted,  i.  e., 
they  were  adapted  to  particular  temperatures  or  to  particular  kinds  of  bottom.  These 
various  types  of  distribution  will  be  discussed  at  some  length  in  relation  to  particular 
species  which  serve  to  illustrate  them,  and  many  cases  are  portrayed  graphically  by 
means  of  charts.  But  it  is  likewise  important  that  a  list  of  the  more  prevalent  species 
should  be  presented  synoptically  for  each  subregion  of  our  chart  and  for  each  variety  of 
habitat.  With  this  in  view  the  stations  were  tabulated  in  various  ways,  according  to 
the  type  of  bottom  or  the  like;  and  for  each  of  these  groups  lists  were  prepared 
comprising  all  of  those  species  which  were  taken  at  one-fourth  or  more  of  the  stations 
in  question.*  We  believe  that  lists  thus  restricted  may  be  regarded  as  comprising 
only  such  species  as  are  truly  representative  of  these  various  bottoms. .  It  must  be 
conceded,  however,  that  many  of  the  less  common  forms  which  do  not  appear  in  the 
lists  at  all  may  be  highly  characteristic  of  one  or  another  group  of  stations,  and  may, 
indeed,  be  limited  to  these. 

Preceding  the  lists  for  particular  waters  or  particular  types  of  bottom  we  present  a 
table  comprising  those  species  which  were  taken  at  one-fourth  or  more  of  the  total 
number  of  dredging  stations  of  the  Survey,  i.  e.,  at  1 15  or  more  of  the  regular  stations.* 
It  is  believed  that  such  a  list  conveys  a  good  idea  of  the  prevailing  benthic  fauna  of  our 
local  waters,  so  far  as  we  can  speak  of  any  single  prevailing  fauna  where  the  conditions 
differ  so  widely.  This  list  will  perhaps  render  possible  the  detection  of  future  changes  in 
the  relative  abundance  of  certain  species. 

o  A.t  fint  anly  those  spedes  were  Ksted  which  were  prescat  at  half  or  man  of  «  given  giMp  of  ttatioas.but  it  wm  foiwdUiflt 
all  of  the  resulting  lists  were  very  brief,  and  that  they  omitted  many  highly  diaracteristic  forms. 

b  None  of  the  supplementary  stations,  except  the  "bis"  stations  of  1904.  have  been  considered  in  the  present  comptiTatioiw 
The  inclusion  of  the  1909  records  would  doubtless  change  the  complexion  of  these  tables  somewhat,  though  not.  we  believe,  veer 

materially. 
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I.  Species  recorded  from  one-fourth  (113)  or  more  of  the  regular  dredging  stations  of  the 

Survey.^ 


Porifbra: 

Qiona  oelata  (171). 
Actinozoa: 

Astrangia  dane  (158). 
Bryozoa: 

Crisia  ebumea  (aoz). 
*Btigula  turrita  (2$$). 

Sdiizoporella  unicornis  (197). 

Smittia  trispinosa  nitida  (163). 
Astbroidba: 

Henricia  sanguinolenta  (zi8). 

Asterias  forbesi  (ao6). 
Ecbinoidba: 

Arbacia  ptmctnlata  (156). 

Echinarachnius  parma  (170). 
Annui,ata: 

HarmothoS  imbricata  (189). 

Lepidonotus  sqnamattis  (165) 

Nereis  pelagica  (19a). 

IHopatra  cuprea  (198). 
*Hydroides  dianthus  (237). 
Cirripbdia: 

Balanus  ebuxnetis  (163). 
Amphipoda: 

Undola  inorata  (1x5). 
Dkcapoda: 

Crago  septemspinosus  (169). 
*Pagunts  longicarpus  (290). 

Pagurus  annulipes  (196). 


Dbcapoda— Omtinued. 

Libinia  emarginata  (192). 

Cancer  irroratus  (209). 

Neopanope  texana  sayi  (143). 
Pslbcypoda: 

^Anomia  simplex  (256). 

Pecten  gibbus  borealis  (162). 

Mytilus  edulis  (217). 

Modiolus  modiolus  (120). 
*Arca  transversa  (264). 

Nucula  pioxima  (205). 

Crassinella  mactracea  (182). 

Cardium  pinnulatum  (219). 

Callocardia  morrhuana  (i93). 

Tellina  tenera  (193). 
*£nsis  directus  (235). 

Spisula  solidissima  (322). 
^lidiophoca  goulckiana  (234). 

Corbula  contracta  (xs8). 
Gastropoda: 

♦Tritia  trivittata  (373). 
*Anacliis  avara  (295). 
*A8tyTis  lunata  (245). 

Uiosalpinx  cinereus  (156). 

Littorina  litona— shells  only  (131). 
*Crepidula  fomicata  (326). 
*Crepidula  plana  (291). 

Polynices  beros  (165). 

Polynices  triseriata  (144). 


II.  Species  which  were  taken  at  one-fourth  (j^)  or  more  of  the  Fish  Hawk  stations  in 

Vineyard  Sound. 


Porifbra: 

Cliona  celata  (76). 
Hydrozoa: 

Eudendrium  ramosum  (58). 

Hydractinia  echinata  (62). 
Actinozoa: 

Astrangia  danK  (70). 
Bryozoa: 

Crisia  ebumea  (97). 

Bugula  turrita  (135). 

Schizoporella  tmicomis  (112). 

Smittia  trispinosa  nitida  (84). 

Cellepora  americana  (55). 
Astbroidba: 

Henricia  sanguinolenta  (62). 

Asterias  forbesi  (119). 

Asterias  vulgaris  (73). 


Echinoidba: 

Arbacia  punctulata  (zoz). 

Ecbinarachnius  parma  (i3o). 
Annulata: 

Harmotho€  imbricata  (90). 

Lepidonotus  squamatus  (86). 

Nereb  pelagica  (1x5). 

Diopatra  cuprea  (75). 

Hydroides  dianthus  (94). 
Cirripbdia: 

Balanus  ebumeus  (83). 
Dbcapoda: 

Crago  septemspinosus  (73). 

Pagurus  pollicaris  (70). 

Pagiuiis  longicarpus  (131). 

Pagurus  annulipes  (77). 

Libinia  emarginata  (99). 

Cancer  irzoratus  (134). 


a  The  number  in  parenthesis  indicates  the  number  of  stations  at  which  the  species  was  found.  Spcdea  are  starred  (in  the  first 
bt  only),  which  were  taken  at  one-half  or  more  of  the  stations. 

16269**— Bull.  31,  pt  I— 13 5 
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AlfPHIPODA: 

Unciola  inorata  (68). 
Pblbcypoda: 

Anomia  ninplex  (93). 
Mytiltis  edulis  (136). 
Modiolus  modiolus  (85). 
Area  transversa  (116). 
Nucula  proxima  (82). 
Venericardia  borealis  (59). 
Astarte  castanea  (74). 
O-aaBinella  mactracea  (90). 
Or^Tuyp  pinnulatum  (66). 
Callocardia  morrliuana  (62). 
Tellina  tenera  (77). 
Ensis  directtis  (94). 
Spisula  solidissima  (140). 


PBLSCVPODA—Contiiiued. 

Clidiophora  pmldiana  (94). 

Oorbula  oootracU  (64). 
Gastkopoda: 

lVitiatrivittaU(z63). 

Anachis  avara  (131). 

Astyris  Itmata  (116). 

Ufotalpinx  cinereus  (63). 

Qrepidula  fomicata  (144). 

Orepidttla  plana  (136). 

Polynices  hem  (1x9). 

CBPHAU)f»OI>A: 

Loligo  pealii  (55). 
Tunicata: 

AmafDudum  pellucidum  (57). 


In  a  considerable  measure  the  above  list  is  a  repetition  of  the  first.  Only  four 
species  comprised  in  the  first  list  are  wanting  in  the  second,  while  only  nine  additional 
ones  are  to  be  found  in  the  latter.  This  dose  agreement  is  doubtless  due  to  the  fact  that 
the  Fish  Hawk  stations  in  Vineyard  Sound  are  more  than  three  times  as  numenms  as 
are  those  in  Buzzards  Bay.  They  thus  have  an  undue  share  in  determining  the  character 
<rf  the  first  of  our  lists. 

III.  Species  taken  at  one-fourth  (17)  or  more  of  the  Fish  Hawk  stations  in  Buzzards  Bay. 


Porifbra: 

Cliona  celata  (33). 
AcnNOZOA: 

Astrangia  dane  (39). 
Brtozoa: 

Crisia  ebumea  (34). 

JEtea  anguina  (33). 

Bugula  turrita  (35). 

Schizoporella  unicornis  (31). 
,     Smittia  trispinoaa  nitida  (35). 
AsTBRomBA: 

Asterias  forbed  (33). 
ANNxn.ATA: 

Nepbthys  indsa  (34). 

Diopatra  cuprea  (34). 

Nino€  nigripcs  (31). 

Rhynchobolus  americanut  (33). 

Chsetopterus  pergamentaceus  (31). 

Spiochstopterus  oculatus  (38). 

Cistenides  gouldii  (19). 

Clymenella  torquata  (35). 

Hydroides  dianthus  (30). 
Orripsdia: 

Balanus  ebumeus  (36). 
AifpmpoDA: 

Ampelisca  macrocephala  (17). 

Ptilocheirus  pinguis  (36). 

Unciola  inorata  (33). 


Dscapoda: 

Crago  septemspinotus  (38). 

Pagunis  kmgicarpus  (53). 

Pagums  annulipcs  (37). 

Libinia  emaiginata  (39). 

Cancer  imratus  (36). 

Neopanope  texana  sayi  (31). 
Pblbctpoda: 

Anomia  simplex  (53). 

Pecten  gibbus  borealis  (33). 

Mytilus  edulis  (17). 

Area  transvcTM  (50). 

Nucula  pCDxima  (37). 

Yoldia  limatula  (44). 

Crassinclla  mactracea  (31). 

Cardium  pinnulatum  (55). 

Ltevicardium  mortoni  (36). 

Venus  mercenaria  (34). 

Callocardia  monliuana  (56). 

Tellina  tenera  (37). 

Macoma  tenta  (19). 

Bnsis  directus  (40). 

Mulinia  lateralis  (45). 

CUdiophoca  gouldiom  (53). 
Gastropoda: 

Busycon  canaliculatum  (33). 

Tritia  trivtttata  (65). 

Anachis  avara  (37). 
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Gastr(h>oda— Contmued. 
Astyris  Itmata  (18). 
Eupletura  caudata  (40). 
Urosalpinx  cinerens  (x8). 
Littorma  litorea  (28). 
Crepidula  fomicata  (55). 


Gastropoda — Continued . 

Crepidula  plana  (46). 

Polynices  duplicata  (21). 

Polynices  triseriata  (30)*. 
Cbpbalopoda: 

Loligo  pealii  (18). 


The  number  of  species  in  the  foregoing  list  (55)  is  slightly  greater  tlian  that  in  the 
one  immediately  preceding  it  (51).  It  will  be  shown  later  that  the  average  number  of 
species  per  dredge  haul  was  likewise  somewhat  greater  in  Buzzards  Bay.  This  is  true 
de^ite  the  fact  that  in  the  aggregate  about  25  per  cent  more  species  were  taken  in 
l^eyard  Sotmd  than  in  Buzzards  Bay.  Of  the  55  species  contained  in  the  foregoing 
table,  33  (55  per  cent)  are  common  to  the  list  for  the  Fish  Hawk  stations  in  Vineyard 
Sound,  while  22  are  to  be  regarded  as  more  particularly  characteristic  of  Buzzards  Bay. 
On  the  other  hand,  18  of  the  more  prevalent  species  in  the  Sound  list  do  not  appear  in 
that  for  the  Bay.  Of  the  22  characteristic  Bay-dwelling  species,  7  are  annelids  and  11 
are  mollusks;  the  18  species  peculiar  to  the  Vineyard  Sound  list  are  more  diversified. 

The  Phalarope  and  Blue  Wing  stations  represent  dredgings  in  the  shoaler  waters, 
and  are  for  the  most  part  much  closer  to  land  than  those  of  the  Fish  Hawk.  The  more 
prevalent  species  from  these  stations  will  therefore  be  presented  in  separate  lists. 

rV.  Species  taken  at  one-fourth  {19)  or  more  of  the  Phalarope  and  Blue  Wing  stations  in 

Vineyard  Sound, 


Posifbra: 

?Grantia  ciliata  (ax). 

akma  celata  (3a). 
Htdrozoa: 

Tubularia  crocea  (27). 
Actinozoa: 

Astrangia  dans  (a6). 
Bryozoa: 

Cruna  ebttmea  (50). 

Btigula  turrita  (42). 

Schizoporella  imioomis  (29). 

Smittia  trispinosa  nitida  (25). 

ASTBROmBA.* 

Henricia  sanguinolenta  (36). 

Aflterias  forbesi  (24). 
BcmNoroBA: 

Bchinaradmius  parma  (31). 
Annul  AT  a: 

HarmothoC  imbricata  (40). 

Lepidonotus  squamatus  (37). 

Nereis  pelagica  (51). 

Diopatra  cuprea  (35). 

Hydioides  dianthus  (47). 
AupmpoDA: 

AmphithoC  rubricata  (26). 

Cocophium  cylindricum  (21). 
Isopoda: 

Idothea  phosphorea  (30). 

ErichsoneUa'^iformis  (25). 


Dbcapoda: 

Crago  septemspinosus  (27). 

Pagurus  longicarpus  (4i5). 

Pagurus  annulipes  (44). 

Libinia  emarginata  (29). 

Cancer  inoratus  (33). 

Neopanope  texana  sayi  (23). 
Pblbcspoda: 

Anomia  simplex  (41). 

Anomia  aculeata  (28). 

Pecten  gibbus  borealis  (26). 

Mytilys  edtdls  (42). 

Area  transversa  (36). 

Nucula  projdma  (25). 

Crasnnella  mactracea  (32). 

Cardinm  pinnulatum  (35). 

Callocardia  nx)rrhuana  (20). 

Tellina  tenera  (31). 

Ensis  directus  (33). 

Cumingia  tellinoides  (23). 

Spiaula  solidiasima  (35). 

CUdiophora  gouldiana  (28). 
Gastropoda: 

Tritia  trivitt^ta  (59). 

Anacbis  avara  (63). 

Astyris  lunata  (57). 

Urosalpinx  cinereus  (36). 

Littorina  litorea  (19). 


Digitized  by 


Google 


68 


BULLETIN  OP  THE  BUREAU  OF  FISHERIES. 


Gastropoda— Continued. 
Lacuna  puteola  (39). 
Crepidula  fornicata  (55). 
Crepidula  plana  (50). 
Polynices  beros  (27). 
Polynices  triseriata  (35). 


Tunic  AT  a: 

Amaioucium  pellucidum  (35). 

Ainaiaucium  pellucidum  constellatum  (13). 

Didemnum  lutarium  (34). 
PiscBs: 

MyojGocephalus  meus  (aa). 


The  number  of  species  here  comprised  is  very  close  to  those  in  the  two  lists  immedi- 
ately preceding  it.  Of  the  54  species  here  present,  38  (70  per  cent)  were  contained  in  the 
list  for  the  Fish  Hawk  stations  of  Vineyard  Sound,  16  being  wanting  from  the  latter. 
Conversely,  the  Fish  Hawk  list  contained  13  species  which  do  not  appear  in  that  for  the 
Phalarope.  It  does  not  follow,  by  any  means,  that  a  species  which  is  limited  to  one  or 
the  other  of  these  lists  is  actually  restricted  as  to  depth  or  proximity  to  shore.  Indeed, 
most  of  them  appear  with  considerable  frequency  in  the  dredgings  of  both  vessels.  Of 
the  16  species  which  are  confined  to  the  Phalarope  list,  only  3  show  a  marked  restriction 
to  the  vicinity  of  the  shore  line.  These  are  Amphithoe  rubriccUa,  Lacuna  puteola,  and 
Littorina  litorea.  The  last  named,  as  is  well  known,  is  strictly  littoral  (L  e.,  intertidal) 
in  its  habitat.  The  dredging  records  refer  exclusively  to  shells,  most  or  all  of  which  were 
doubtless  transported  from  the  shore  by  hermit  crabs.  On  the  other  hand,  of  the  13 
species  restricted  to  the  Fish  Hawk  list,  oidy  6  give  any  evidence  of  a  preference  for 
deeper  waters  than  those  dredged  by  the  Phalarope  and  Blue  Wing.  These  are  Euden- 
drium  ramosum,  Cellepora  americana,  Asterias  vulgaris.  Modiolus  modiolus,  Venericardia 
borealis,  and  Astarte  castanea.  In  the  case  of  the  last  two  species  named,  the  avoidance 
of  the  inshore  waters  is  quite  obvious.     Of  the  others  this  can  not  be  stated  as  confidently. 

V.  Species  taken  at  one- fourth  {23)  or  more  of  the  Phalarope  stations  in  Buzzards  Bay. 


Porifbra: 

Cliona  celata  (31). 
Hydrozoa: 

Hydractinia  ^cbinata  (33). 
Actinozoa: 

Astrangia  dante  (33). 
Bryozoa: 

Crisia  ebumea  (30). 

Bugula  turrita  (45). 

Schizoporella  unicornis  (25). ' 

Smittia  trispinoea  nitida  (39). 
AsTBRomBA: 

Asterias  forbeai  (39). 
EcmNoroBA: 

Arbacia  punctulata  (29). 
Annulata: 

HarmotboS  imbricata  (40). 

Lepidonotus  squamatus  (28). 

Diopatra  cuprea  (53). 

Pista  palmata  (25). 

Cl3rmenella  torquata  (24). 

Hydroides  diantbus  (66). 

CniRIPBDIA: 

Balanus  ebumeus  (27). 


Dbcapooa:  * 

Crago  septemspinosus  (41). 

Pagurus  longicarpus  (59). 

Pagunis  anntdipes  (48). 

Libinia  emarginata  (25). 

Neopanope  texana  sayi  (37). 
PB1.BCYPODA: 

Anomia  simplex  (68). 

Pecten  gibbus  bocealis  (61). 

Area  transveisa  (62). 

Nucula  pioxima  (61). 

Yoldia  limatula  (26). 

Craasinella  mactacea  (39). 

Cardium  pinnulatum  (62). 

Lcevicardium  mortoni  (60). 

Venus  mercenaria  (41). 

Callocardia  nvMrbuana  (54). 

Tellinatenera(48). 

Ensis  directus  (68). 

Cumingia  tellinoides  (38). 

Spisula  aolidiarima  (28). 

Mulinia  lateralb  (30). 

Lyonsia  byalina  (31). 

Clidiopbota  gouldiana  (59). 

Corbula  contracta  (36). 
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Amphineura: 

Chxtopleura  apiculata  (23). 
Gastropoda: 

Busycon  canaliculatum  (24). 

Ttitia  trivittata  (85). 

Anachls  avara  (64). 

Astyris  lunata  (54). 

Eupleura  caudata  (37). 

Urosalpinx  cmerens  (39). 


GASTROPODA^-Contiiiued. 

Bittium  altematum  (37). 

Littorina  litorea  (54). 

Crepidtila  fomicata  (72). 

Crepidula  convexa  (33). 

Crepidula  plana  (58). 

Polynices  duplicata  (36). 

Polynices  triseriata  (30). 
Tunicata: 

Didemnum  hitarium  (37). 


The  total  number  of  species  in  the  foregoing  list  (54)  is  exactly  the  same  as  that 
contained  in  the  one  immediately  preceding  it.  In  fact  there  has  been  a  rather  striking 
wiiformity  in  the  numbers  comprised  in  these  lists,  ranging  as  they  do  from  46  to  55, 
Of  the  54  species  in  the  foregoing  table,  41  (76  per  cent)  are  common  to  this  and  to  the 
list  of  Fish  Hawk  species  in  Buzzards  Bay.  On  the  other  hand,  a  number  not  much 
inferior  to  this  (37—69  per  cent*)  are  common  to  the  present  list  and  to  that  given 
for  the  Pkalarope  stations  of  Vineyard  Sound,  among  the  latter  being  some  which  arc 
not  recorded  in  the  other  Buzzards  Bay  list.  A  few  others  in  this  list  are  only  found 
elsewhere  in  the  Fish  Hawk  list  for  Vineyard  Sound. 

While,  therefore,  the  Phalarope  list  for  Buzzards  Bay  resembles  the  Fish  Hawk  list 
for  Buzzards  Bay  more  closely  than  any  of  the  others,  it  must  be  pointed  out  that  it 
contains  a  considerable  number  of  species  which  are  prevalent  throughout  the  Sound, 
but  which  in  the  Bay  are  to  be  found  only  at  the  inshore  dredging  stations.  This  fact, 
which  is  not  very  strikingly  illustrated  by  these  figures,  will  appear  much  more  clearly 
when  the  charts  portraying  the  distribution  patterns  of  certain  species  are  scrutinized. 

Tables  have  likewise  been  prepared  listing  the  "prevalent"  species  for  each  type  of 
bottom.  The  same  criterion  has  here  been  employed  of  admitting  only  those  species 
which  have  been  encountered  at  one-fourth  or  more  of  the  number  of  stations  belonging 
to  the  group  in  question. 

After  considerable  thought  the  following  classification  of  bottoms  has  been  adopted 
for  present  purposes,  not  as  being  an  ideal  one,  but  as  being  the  most  simple  one  possible 
consistent  with  a  fair  regard  for  accuracy.  The  only  strictly  exact  classification  would 
recognize  as  many  types  of  bottom  as  there  are  combinations  of  ingredients  listed;  but 
such  a  classification  would  be  altogether  too  cumbersome  for  the  ptuposes  of  our  statis- 
tical treatment.  We  realize  that  the  grouping  here  employed  must  result  in  a  quite 
inadequate  characterization  of  the  habitat  of  many  species.  A  specimen  may  ostensibly 
have  come  from  a  muddy  or  a  sandy  bottom,  when,  in  reality,  it  was  growing  attached 
to  a  shell  or  other  solid  object.  We  have,  nevertheless,  included  as  muddy  and  sandy 
those  bottoms  in  which  shells  were  likewise  recorded.  This  has  been  done  for  the  reason 
that  shells  or  fragments  of  these  were  scarcely  ever  wholly  lacking  from  the  contents 
of  the  dredge.  Again,  certain  living  mollusks  which  move  freely  over  the  bottom  afford 
support  for  attached  organisms  just  as  well  as  do  dead  shells.  Surely  the  presence  of 
such  should  not  suflSce  to  constitute  a  "shelly"  bottom.  The  same  may  be  said  regard- 
ing shells  occupied  by  hermit  crabs,  which  abound  throughout  the  entire  region,  giving 
support  to  hydroids,  Bryozoa,  barnacles,  Crepidulae  of  several  species,  and  other 
organisms. 

a  Only  55  per  cent  o(  tbc  Fuh  Hawk  Hat  for  Btuzards  Bay  were  oommoo  to  the  Fish  Hawk  Kst  for  Vineyard  Sound. 
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We  have  accordingly  adopted  the  following  classification  of  bottoms  in  the  ensu- 
ing discussion  of  habitats: 

A.  '*Sand/'  including  bottoms  recorded  as  pure  sand,  or  sand  and  shells.  Bot- 
toms containing  stones,  gravel,  or  mud  are  excluded. 

B.  "Gravel  and  stones,"  including  records  which  Ust  either  of  these  ingredients 
angly  or  in  combination  with  one  another  or  with  sand.  No  bott<Mns  containing  mud 
are  here  included. 

C.  "Mud,"  including  bottoms  recorded  as  ci  mud,  muddy  sand,  or  sandy  mud. 
Bottoms  are  here  included  in  which  shells  are  listed,  but  not  those  containing  gravel  or 
stones. 

Certain  combinations  (e.  g.,  gravel  and  mud)  are  excluded  from  this  clasrification, 
and  records  from  such  stations  are  not  included  in  the  present  Ust.  Such  cases  are, 
however,  relatively  very  few. 

VI.  species  taken  at  one-fourth  (4j)  or  more  of  tke  stations  dindged  on  sandy  botknns. 


PoRn^RA: 

Qioiia  celata  (49). 
Hydrozoa: 

Hydractinia  echinata  (46). 
Brtozoa: 

Crista  eburnea  (74). 

Bugula  tunita  (107). 

Schizoporella  tmicximis  (63). 

Smittia  tri^inosa  nitida  (44). 
AsTBRomSA: 

Asteriaa  fbrbesi  (71). 

Asteriat  vulgaris  (56). 
BcmNoroBA: 

Arbacia  punctulata  (48). 

Echinaradmius  parma  (loi). 
Annulata: 

Harmotho^  imbricata  (72). 

Lepidonotus  squamatus  (54). 

Nereis  pelagica  (73). 

Diopatra  cuprea  (7a). 

Hydfoidet  dianthus  (61). 
CntRiPBDiA: 

Balanus  ebumeus  (51). 

DaCAPODA: 

Crago  septemspinostis  (80). 
Pagurus  longicarptis  (loi). 
Pagunts  amnilipes  (59). 
Libinia  emarginata  (63). 


Dbcapoda — Continued. 

Cancer  inoratus  (93). 

Ovalipes  ocellatua  (43). 
Pblbcypoda: 

Anomia  simplex  (97). 

Pecten  gibbus  borealis  (53). 

Mytihis  edtilis  (113). 

Area  transversa  (105). 

Nncula  praxima  (6a). 

Venericardia  borealis  (49). 

Astarte  tindata  (44). 

Astarte  castanea  (59). 

Crassinella  mactracea  (72). 

Carditun  pinnulatum  (83). 

Callocardia  morrfauana  (78). 

Tellina  tenera  (96). 

Bnsis  directus  (84). 

Spisula  solidissima  (109). 

Clidiophora  gouldiana  (88). 

Corbula  oontracta  (46). 
Gastropoda: 

Tritia  trivittata  (14s). 

Anachis  avara  (95). 

Ast3nris  lunata  (94). 

Uranlpinx  cinerens  (46). 

Crepidula  fomicata  (134). 

Crepidula  plana  (iii). 

Pol3mices  heros  (80). 

Folynices  triseriata  (51). 


Of  the  for^[oing  46  species  all  but  2  appear  in  one  or  both  of  the  lists  for  ^^e- 
yard  Sound.  On  the  other  hand,  8  of  the  species  do  not  appear  in  either  list  for  Buzzards 
Bay,  and  14  do  not  appear  in  the  Fish  Hawk  list  for  Buzzards  Bay.  These  facts  foUow 
directly,  of  course,  from  the  well-known  differences  of  these  two  bodies  of  water  in  respect 
to  the  character  of  their  bottoms. 
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VII.  species  taken  at  one-fourth  (42)  or  more  of  the  stations  for  which  bottoms  of  gravel  or 

stones  were  recorded. 


Posipsra: 

Qkma  celata  (91). 
Hydrozoa: 

Eudendritim  ramosum  (43). 

Hydractmia  echinata  (43). 

Tubularia  crocea  (44). 

Thuiaria  argentea  (47). 
Actinozoa: 

Astrangia  dans  (98). 
Bryozoa: 

Crisia  etNimea  (97). 

.^tea  angiiina  (50). 

Btigula  turrita  (99). 

Schizoporella  unicornis  (96}. 

Smittia  trispinosa  nitida  (90). 
Astbroidba: 

Henricta  sanguinolenta  (83). 

Asterias  forbesi  (83). 
Echinoidsa: 

Arbacia  punctulata  (80). 
Annui^ta: 

HarmothoC  imbricata  (80). 

Lepidonotns  squamatus  (87). 

Nereis  pelagica  (93). 

Diopatra  cuprea  (70). 

Psendopotamilla  oculifera  (43). 

Hydroides  dianthns  (118). 
C1RRIP8DIA: 

Balanus  ebnmeus  (63). 
Amphipoda: 

Unciola  inorata  (46). 
DacAPODA: 

Pagurus  poUicaris  (47). 

Paguros  kmgicarpus  (106). 


Dbcapoda— Continued. 
Pagurus  annulipes  (93). 
libinia  emarginata  (69). 
Cancer  irroratus  (71}. 
Neopanope  texana  sayi  (64). 

PBtECYPODA: 

Anomia  simplex  (83). 

Pecten  gibbus  borealis  (51). 

Mytilus  edulb  (74). 

Modiolus  modiolus  (69). 

Area  transversa  (81}. 

Nucula  proxima  (69). 

Crassinella  mactracea  (78). 

Cardium  pinnulatum  (55). 

Ensis  directus  (86). 

Cumingia  tellinoides  (59). 

Spisula  solidissima  (84). 

Clidiophora  gouldiana  (66). 

Corbula  contracta  (55). 
Amphinbura: 

Chsetopleiu^  apiculata  (55). 
Gastropoda: 

Tritia  trivitUta  (117). 

Anachis  avara  (127). 

Astyris  lunata  (103). 

Uroaalpinx  dnereus  (79). 

Littorina  litorea  (43). 

Crepidtda  fomicata  (113). 

Crepidula  plana  (103). 

Pblynices  heiot  (59). 

Pc^ynices  triseriata  (48). 
Tunicata: 

Amaioudum  pellucidum  (49). 

Amaroucium  pellucidum  constellatum  (61). 

Didemnum  lutarium  (70). 


Of  the  54  species  in  the  foregomg  list,  only  4  are  lacking  from  one  or  both  lists  for 
Vineyard  Sound,  while  11  are  not  to  be  found  in  either  list  for  Buzzards  Bay.  Thirty- 
seven  of  the  species  (69  per  cent)  are  common  to  the  list  for  sandy  bottoms. 

VIII.  species  taken  at  one-fourth  {28)  or  more  of  the  stations  dredged  on  muddy  bottoms. 


PoRnrHRA: 

Giona  celata  (31). 
Actinozoa: 

Astrangia  dance  (38). 
Bryozoa: 

Crisia  ebumea  (30). 

Bugula  turrita  (49). 

Schizoporella  tmioomis  (35). 

Smittia  trispinosa  nitida  (39). 


Astbroidba: 

,      Asterias  forbesi  (48). 

Annulata: 

Harmotho€  imbricata  (35). 

Nephthys  incisa  (43). 

Diopatra  cuprea  (54). 

Nino€  nigripes  (35). 

Cistenides  gouldii  (33). 

Clymenella  torquata  (36). 

Hydroides  dianthus  (55). 
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Cirripbdia: 

Balanus  eburneus  (46). 
Amphipoda: 

Ptilocheinis  pinguis  (41). 

Unciola  inorata  (33). 
Dbcapoda: 

Cn^  septemspinosus  (50). 

Pagtinis  longicarpus  (83). 

Pagurus  annulipes  (44). 

libinia  emaiginata  (57). 

Cancer  irroratus  (43). 

Neopanope  texana  sayi  (43). 
Pblbcypoda: 

Anomia  simplex  (74). 

Pecten  gibbus  borealis  (57). 

Area  transversa  (78). 

Nucula  proxima  (74). 

Yoldia  limatula  (66). 

Crassinella  mactracea  (29). 

Carditun  pumulatum  (79). 

Laevicardium  mortani  (45). 


Pblbctpoda— Cootfanied. 

Venus  mercenaria  (53). 

Callocardia  morrfauana  (80). 

Tellina  tcnera  (63). 

Maooma  tenta  (30). 

Ensis  directus  (64). 

Spisnla  solidissima  (39). 

Mtdinia  lateralis  (60). 

Clidiopliora  gouldiana  (80). 
Gastropoda: 

Busycon  canalictdatum  (43). 

Tritia  trivittata  (108). 

Anachis  avara  (67). 

Astyris  Itmata  (48). 

Eupleura  caudata  (48). 

Urosalpinx  dnereus  (39). 

Littorina  litorea,  shells  only  (48). 

Crepidula  fomicata  (84). 

Crepidula  plana  (74). 

Fblynices  duplicata  (35). 

Polynices  triaeriata  (41). 


Of  the  50  species  comprised  in  the  above  list  only  two*  are  absent  from  that  repre- 
senting the  prevailing  species  dredged  by  the  Fish  Hawk  in  Buzzards  Bay;  while  only 
7  species  in  the  latter  list  are  lacking  from  that  for  the  muddy  bottoms.  The  two  groups 
of  species  are  thus  not  far  from  identical.  On  the  other  hand,  13  of  those  in  the  list  for 
muddy  bottoms  do  not  appear  in  either  table  for  Vineyard  Sound.  Thirty-three  of  the 
species  (66  per  cent)  are  common  to  the  list  for  sandy  bottoms,  while  34  species  (68  per 
cent)  are  common  to  that  for  bottoms  of  gravel  and  stones. 

Comparing  the  lists  for  the  three  types  of  bottom,  we  find  13  species  which  appear 
only  in  that  for  bottoms  of  stones  and  gravel,  an  equal  number  which  appear  only  in 
the  list  for  muddy  bottoms,  while  6  are  peculiar  to  the  list  for  sandy  bottoms.  Of  the  13 
prevalent  mud-dwelling  forms,  all  but  i  are  annelids  or  mollusks.  Of  the  13  species 
peculiar  to  the  list  for  gravelly  and  stony  bottoms,  3  are  hydroids  and  3  are  asddians,  the 
remainder  being  distributed  through  various  phyla.  The  number  of  forms  lyhich  are 
restricted  to  our  list  of  prevalent  species  for  bottoms  of  pure  sand  (free  from  mud  on 
the  one  hand,  and  from  stones  and  gravel  on  the  other)  is  a  very  short  one.  This  is  due 
to  the  fact  that  the  great  majority  of  sand-dwelling  species  are  not  deterred  by  the  pres- 
ence of  a  certain  proportion  of  stones  and  gravel,  while  many  at  them  are  equally  at 
home  in  sand  which  is  somewhat  muddy.  In  our  classification,  however,  such  bottoms 
have  been  included  under  ''gravel  and  stones"  and  "mud,"  respectively.  At  least  two 
of  the  species  listed  are,  nevertheless,  pretty  definitely  restricted  to  bottoms  of  pure 
sand.  These  are  the  "lady  crab"  (Ovalipes  ocellatus)  and  the  "sand dollar"  (Eckina^ 
rachnius  parma). 

In  any  consideration  of  such  tables  as  the  foregoing,  it  must  be  borne  in  mind  that 
the  fact  of  a  species  being  restricted  to  one  or  another  of  the  tables  does  not  imply  that 
it  is  absent  from  the  other  types  of  bottom,  or  subdivisions  of  the  region.     Indeed,  it 

a  These  two  are  eootaioed  in  the  Phaiarop*  Buzzards  Bay  list. 
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sometimes  happens  that  the  species  is  recorded  from  an  absolutdy  greater  number  of 
stations  of  another  group  than  that  for  which  it  is  here  listed.  Again,  the  caution  must 
be  repeated  (cf .  p'.  3 1 ,  33)  that  in  the  field  a  specimen  was  frequently  recorded  from  a  cer- 
tain type  of  bottom  when  it  seems  probable  that  the  dredge,  at  the  moment  of  taking  it, 
was  passing  over  a  quite  different  type  of  bottom.  In  many  parts  of  our  local  sea  floor 
several  distinct  varieties  of  bottom  may  be  encountered  within  a  quite  limited  area. 

Nevertheless,  we  believe  that  real  and  important  facts  of  ecology  are  revealed  by 
such  tabulations  as  the  foregoing,  even  though  these  may  not  in  themselves  present  a 
complete  picture.  For  concrete  illustrations  of  the  assemblage  of  organisms  which  may 
actually  occur  together  on  a  given  bottom,  or  at  least  within  the  area  traversed  during  a 
single  dredge  haul,  the  reader  is  referred  to  the  tables  on  pages  58  to  62. 

Thus  far  the  lists  of  '* prevailing"  species  for  one  or  another  group  of  stations  have 
had  no  reference  to  the  temperature  factor.  It  has  been  thought  desirable,  howiever,  to 
present  a  list  of  those  species  which  have  been  taken  at  one-fourth  or  more  of  the  stations 
within  the  cold-water  area  of  the  region,  i.  e.,  the  area  throughout  which  the  water  tem- 
perature in  summer  has  been  found  to  be  considerably  lower  than  elsewhere.  For  this 
purpose  the  Fish  Hawk  stations,  (and  these  only)  were  chosen,  lying,  in  Vineyard  Sound, 
beyond  (southwest  of)  a  line  drawn  from  Robinsons  Hole  to  Kopeecon  Point,  and  in 
Buzzards  Bay  below  a  line  drawn  from  Barneys  Joy  Point  to  Penikese  Island.  One 
hundred  and  one  stations  were  included  in  this  area. 


IX.  Species  taken  at  one-fourih  (23)  or  more  of  the  stations  in  the  colder  waters  adjacent  to 

the  open  ocean. 


Hydrozoa: 

Hydractinia  echinata  (34). 

Ohelia  gtniculata  (ay). 

Halecium  halecinum  (a;). 
Bryozoa: 

Crisia  ebumea  (43). 

^ea  anguina  (35). 

Bugula  turrita  (70). 

Schizopocella  unicornis  (46). 

Cellepora  americana  (30). 
Astbroidba: 

Asterias  forbesi  (51). 

Asterias  vulgaris  (58). 
EcmNoiDSA: 

Arbacia  puncttdata  (35). 

Echinarachnius  parma  (70). 
Annulata: 

Hamiot]io€  imbricata  (39). 

Nereis  pelagica  (35). 

Diopatra  cuprea  (43). 
Orripbdia: 

Balanus  ebumeus  (37). 
AifpmpoDA: 

Undola  inorata  (27). 

Mgintlla  Icngicornis  (35). 


Isopoda: 

Idothea  phosphorea  (36). 
Decapoda: 

Crago  septemspinostts  (49). 

Pagurus  acadianus  (39). 

Pagurus  kmgicarptis  (59). 

Libinia  emaiginata  (37). 

Cancer  inoratus  (75). 

Ovalipes  ocellatus  (41). 
Pblbcypoda: 

Anomia  simplex  (54). 

P^cien  mageltankus    (26). 

Mytilus  ednlis  (8a). 

Modiolus  modiolus  (35). 

Area  transversa  (60). 

Nucula  ptoodma  (30). 

Venericardia  borealis  (63). 

Astarie  undata  (51). 

Astarte  castanea  (44). 

Crassinella  mactracea  (41). 

Cardium  pinnulatum  (55). 

Callocardia  monliuana  (63). 

Tellina  tenera  (55). 

Ensis  directus  (30). 

Spisula  solidissima  (73). 
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PstscYPODA— Continued. 

Clidiophora  gottldiana  (58). 

Corbula  contracta  ($$), 
Gastropoda: 

THti&trivitUta(88). 

Anachis  avara  (40). 

Astyna  lunata  (48). 

Crepidula  fornicata  (65). 

Crepidula  plana  (63). 


GAStROPODA— Continued. 

Polynices  heios  (60). 

Polynices  triseriata  (35). 
Csphalopoda: 

LoligD  pealii  (37). 
Piscss: 

Raja  trinacmi  (31). 

LophopsMi  maculata  (31). 


In  the  foregoing  table  it  will  be  noted  that  only  nine  species  (those  italicized)  have 
not  already  appeared  in  one  or  more  of  the  lists  for  Vineyard  Sound  or  Buzzards  Bay. 
And  not  all  these  nine  are  species  whose  distribution  has  been  determined  by  temperature ; 
for  example,  Ovalipes,  Raja,  and  Lophopsetta  (see  below).  Such  a  list  is  thus  ill  adapted 
to  displaying  the  peculiarities  of  the  fauna  occupying  the  colder  waters  cl  the  region. 
But  an  examination  of  the  distribution  charts  reveals  the  presence  of  a  considerable 
number  of  species  which  are  chiefly  or  wholly  restricted  to  the  colder  waters  under  con- 
^deration.  A  list  of  these  has  been  given  below,  along  with  the  recorded  range  of  each 
upon  the  North  American  coast.  It  mH  be  seen  that  in  15  out  of  20  cases  the  range  of 
these  species  is  predominantly  northward,^  some  of  them,  indeed,  being  near  their 
southern  limit  of  distribution.  The  presence  of  three  of  the  others  (Ovalipes  ocelkUus, 
MolgtUa  arenata,  and  Lophopsetta  maculata)  is  sufficiently  explained  by  the  nature  of  the 
bottom  at  the  western  end  of  the  Sound,  since  these  are  characteristic  sand-dwelling 
species.* 

X.  Species  restricted  to,  or  at  least  occurring  predominantly  in,  the  colder  waters  of  Vineyard 
Sound  and  Buzzards  Bay.     (Limited  to  species  occurring  at  10  or  more  stations.) 

Oblbntsrata: 

Eudendrium  dispar. — Vineyard  Sound  to  Bay  of  Pundy.    (N.) 
Alcyonium  cametun. — ^Rhode  Island  to  Gulf  of  St.  Lawrence.    (N.) 

EcmNODBRM  ATA : 

Asterias  vulgaris. — Labrador  to  Cape  Hatteras,  but  not  littoral  south  of  Woods  Hole.    (N.) 

Strongylocentiotus  dfoebachiensis. — Circumpolar,  south  to  New  Jersey.    (N.) 
Crust  acba: 

Calliopius  leviusculus. — ^Narragansett  Bay  to  Greenland.    (N.) 

Pontogenia  inermis. — ^neyard  Sound  to  Arctic  Ocean.    (N.) 

Pagurus  acadianus.— Grand  Bank  to  mouth  of  Chesapeake  Bay.    (N.) 

Ovalipes  ocellatus.— Cape  Cod  to  Gulf  of  Mexico.    (S.) 
Mollusc  a: 

Pecten  magellanicus.—Labrador  to  Caper  Hatteras.    (N.) 

Modiolaria  nigra.— Arctic  seas  to  Cape  Hatteras.    (N.) 

Crenella  glandula.— Arctic  seas  to  Cape  Hatteras.    (N.) 

Venericardia  borealis.— Arctic  seas  to  off  Cape  Hatteras.    (N. ) 

Astarte  undaU.— Gulf  of  St.  Lawrence  to  Cape  Hatteras.    (N.  and  S.) 

Cyclas  islandica.— Arctic  Ocean  to  Cape  Hatteras  [in  deep  waterj.    (N.) 

Thracia  conradi.— Labrador  to  Ci^  Hatteras.    (N.) 

Buccinum  undatum.— Arctic  seas  to  Charleston  Harbor.    (N.) 

Crucibulum  striatum.— Nova  Scotia  to  Florida  Keys.    (S.) 

a  See  p.  184  for  standaid  employed  in  groupinf  species  as  "northward  ranging"  or  "southward  ranging.*' 
b  Ovalipes  and  LophoPseUa.  indeed,  are  known  to  occur  on  sand  flats  at  varioos  poinU  throughout  the  regioa.  irrcapectire  oC 
temperature. 
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Tunic  ATA : 

Molgula  arenata. — ^New  Haven  to  Nantucket.    (?) 

Etigyra  glutinaiis.    (N.) 
PiscBs: 

Lophopsetta  maculata.— Caaoo  Bay  to  South  Caiolina.    (S.) 

Passing  reference  should  likewise  be  made  to  certain  species  which  were  taken  at 
less  than  lo  stations,  and  which,  therefore,  are  not  included  among  those  charted. 
Some  of  these  species  are  Polymastia  robusta  (a  sponge),  Tealia  crassicomis  (an  anemone), 
Ophiopholis  acvleaia  (an  ophiuroid),  Thyone  umsemita  (a  holothurian),  Pandalus  lep- 
iocerus  (a  shrimp),  and  Hyas  coarctatus  (a  crab).  Each  of  these  has  been  recorded 
more  than  once  at  the  open  ends  of  the  Bay  and  the  Sound,  but  never,  so  far  as  we  know, 
in  the  more  indosed  waters. 

For  the  sake  of  comparison  with  the  foregoing,  a  list  is  presented  herewith  com- 
prising those  species  which  were  taken  at  two  or  more  of  the  seven  regular  Survey  stations 
at  Crab  Ledge,  off  Chatham.  Here,  as  stated  above  (p.  51),  the  bottom  temperature  of 
the  water  in  stmimer  is  considerably  lower  than  at  the  western  end  of  Vineyard  Sound, 
and  many  degrees  lower  than  in  the  greater  part  of  the  area  dredged  by  us. 

XL — Species  dredged  at  2  or  more  of  the  7  Survey  stations  at  Crab  Ledge, 


FoRAimnVBRA: 

Discorbina  rosacea  (3). 
PORnrSRA*. 

Polymastia  robusta  (5). 

Halichondria  panicea  (5). 

Desmacidon  palmata  (6). 
Hydrozoa: 

Eudendrium  ramosum  (3). 

Hydmctinia  echinata  (7). 

Tubularia  tenella  (3). 

Tubularia  crocea  (6). 

Sertularella  tricuspidata  (3). 
AcnNOZOA: 

Metridium  dianthus  (5). 

Alcyanium  cameum  (3). 
Bryozoa: 

(Not  listed  for  these  stations  individually.) 
Astbroidba: 

Henricia  sanguinolenta  (5). 

Asterias  austera  (6). 

Asterias  vulgaris  (7). 
Ophiurou>ba: 

Ophiopholis  aculeata  (6). 
EcmNomsA: 

Stxoaigylocentfotu^cfroebachiensis  (7). 
Annulata: 

HarmothoC  imbricata  (3). 

Nereis  pelagica  (5). 

Nothria  conchylegia  (2). 

Thelepus  cincinnatus  (6). 

PBeudopotamiUa  oculifera  (4). 

Chaetinopoma  greenlandica  (2). 

Filograna  implexa  (5). 


AicpmpoDA: 

Ericthonius  rubricorois  (a). 
Dbcapoda: 

Pagurus  acadianus  (6). 

Pagurus  kroyeri  (4). 

Hyas  coarctatus  (5). 

Cancer  irroratus  (3). 
Pblbcypoda: 

Anomia  simplex  (a). 

Anomia  aculeata  (4). 

Pecten  magellanicus  (4). 

Mytilus  edulis  (a). 

Modblus  modiolus  (6). 

Modiolaria  Isevigata  (5). 

Venericardia  borealis  (3). 

Astarte  undata  (3). 

Cyclas  islandica  (a). 

Spisula  solidissima  (4). 

Thracia  septentrionalis  (a). 

Saxicava  arctica  (4). 

Cyrtodaria  siliqua  (3). 
Gastropoda: 

Coryphella  salmonacea  (3). 

Buccinum  imdatum  (6). 

Chrysodomus  decemcostatus  (a). 

Tritonofusus  stimpsoni  (3). 

Boreoscala  greenlandica  (5). 

Polynices  triseriata  (a). 

Velutina  zonata  (a). 
Tunicata: 

Haloc3mthia  echinata  (a). 

Amaroucium  stellatum  (3). 

Didemnum  lutarium  (6). 
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Among  the  foregoing  species,  tfae  following  have  been  already  mentioned  as 
restricted,  in  Vineyard  Sound  and  Buzzards  Bay,  chiefly  or  wholly  to  the  colder  waters 
adjoining  the  open  ocean:  Pdymastia  robusta,  Alcyonium  carneum^  Asterias  vulgaris^ 
Ophiopholis  aculeata,  StrongylocetUrotus  droebachiensis^  Pagurus  acadianus,  Hyas  coarC' 
iatus,  Pecten  magellanicus,  Venericardia  borealis,  Astarte  undala,  Cyclas  islandica,  Buc- 
cinum  undaium.  In  reality  the  ntmiber  of  those  species  which  are  common  to  Crab 
Ledge  and  the  colder  parts  of  Vineyard  Sound  and  Buzzards  Bay,  but  which  are  not 
encountered  elsewhere  in  local  waters,  is  considerably  greater  than  this  brief  list  would 
imply. 

A  contrary  condition  is  fotmd  in  the  case  of  certain  species  which  are  of  general 
distribution  throughout  Vineyard  Sound,  and  in  many  cases  throughout  Buzzards  Bay 
as  well,  but  which  are  nearly  or  quite  absent  from  just  those  waters  to  which  the  fore- 
going species  seem  best  adapted.  The  following  is  a  partial  list  of  such,  based  upon  an 
examination  of  the  distribution  charts. 

XII.  Species  which  appear  to  be  scarce  or  lacking  in  the  colder  waters  of  Vineyard  Sound 
and  Buzzards  Bay.  (Limited  to  species  which  occur  at  lo  or  more  stations  of  the 
Survey.) 

Coblbntbrata: 

Astrangia  danc — Florida  to  Cape  Cod.    (S.) 

Thuiaria  argentea. — North  Polar  regioiis  to  Maryland.    (N.) 

EcmNODBRMATA: 

Arbacia  punctulata. — Nantucket  Shoals  to  Yucatan .    (S. ) 
Annul  ATA : 

Lumbrineris  hebes.— Caaoo  Bay  to  New  Jersey.    (N.  and  S.) 

Hydroides  dianthus. — Massachusetts  Bay  to  Charleston,  South  Carolina.    (S.) 
Crustacba: 

Batea  secunda. — Local .    (?) 

Pagurus  annulipes. — ^Nantucket  Sound  to  Florida.    (S.) 

Pelia  mutica. — Vineyard  Sound  to  Florida.    (S.) 

Neopanope  texana  sayi. — Cape  Cod  to  Fk)rida.    (S.) 
Fycnooontoa: 

Anoplodactylus  lentus. — Long  Island  Sound,  Vineyard  Sound,  Eastport,  x  record.    (?) 

Tanystylum  orbiculare. — Marthas  Vineyard  to  Virginia.    (S.) 
Moixusca: 

Vermicularia  8pirata.~New  England  to  West  Indies.    (S). 

dhflctopleura  apiculata. — Cape  Cod  to  West  Indies.    (S). 
Tunic  at  a: 

Peiophora  viridis. — ^Woods  Hole  to  Beaufort,  N.  C,  and  Bermuda.    (S.) 

Styela  partita. — Massachusetts  Bay  to  North  Carolina.    (S.) 

Amaroucium  stellatum. — Cape  Cod  to  North  Carolina.  ?    (S.) 

Amaroucium  pellucidum. — Vineyard  Sound  to  North  Carolina.    (S.) 

It  will  be  noted  that  only  one  of  these  species  has  a  predominantly  northern  range 
upon  otu-  coast.  It  is  also  to  be  pointed  out  that,  with  a  single  exception  (Amaroucium 
stellatum),  none  of  these  species  have  been  recorded  by  us  from  Crab  Ledge.*  We 
do  not  wish  to  lay  tmdue  emphasis  upon  such  correspondences,  however.  It  is  likely 
that  some  of  these  species  actually  occur  at  Crab  Ledge,  in  spite  of  our  failure  to  find 
them.     It  is  likewise  probable  for  some  of  them,  at  least,  that  their  distribution  in 

« I.  c,  not  onc4.    Wc  do  not  here  refer  to  the  above  table  of  ipedet  taken  two  or  more  timet. 
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Vineyard  Sotmd  is  not  determined  by  temperature,  but  by  the  character  of  the  bottom. 
Nevertheless,  after  making  these  allowances,  the  significance  of  the  facts  discussed  upon 
the  last  few  pages  can  scarcely  be  doubted. 

4,  THE  AVERAGE  YIELD  OF  THE  DREDGE  HAULS. 

Another  method  of  portraying  synoptically  the  general  fades  of  our  local  fauna,  as 
revealed  by  the  dredge,  is  to  present  the  average  composition  of  the  dredge  hauls.  This 
we  have  computed  for  the  Survey  as  a  whole,  and  for  the  separate  groups  of  stations 
which  have  been  distinguished  above;  for  the  animal  kingdom  as  a  whole,  and  for  its 
main  subdivisions.  In  the  following  tkbles  certain  groups  which  were  represented  very 
sparingly  in  our  dredgings,  or  which  were  not  looked  for  systematically,  and  certain 
others  which  do  not  properly  belong  to  the  benthos  have  been  omitted. 

L  Average  number  of  genera  and  species  of  animals  taken  per  dredge  haul. 

Genera.  Species. 

Survey  as  a  whole  (458  stations) 34. 3  37.  o 

Fish  Hawk,  Vineyard  Sound  (ai8  stations) 33.  7  36.  5 

Fish  Hawk,  Buzzards  Bay  (66  stations) 36. 3  38.  7 

Fidi  Hawk,  Crab  Ledge  (7  stations) 37.  o  39.  7 

Phalaiope  and  Blue  Wing»  Vineyard  Sound  (77  stations) 32.  i  35.  3 

Phalarope,  Buzzards  Bay  (90  stations) 36.  o  38.  5 

While  there  is  a  rather  surprising  uniformity  amongst  these  figures,  it  will  be  noted 
that  the  average  number  of  species  is  slightly  greater  for  the  Fish  Hawk  than  for  the 
Phalarope  stations;  likewise  that  it  is  greater  for  Buzzards  Bay  than  for  Vineyard  Sound, 
and  greatest  of  all  for  Crab  Ledge.  It  is  of  interest,  likewise,  that  the  average  number 
of  genera  per  dredge  haul  is  nearly  equal  to  that  of  the  species.  This  point  will  be 
discussed  later. 

II.  Average  number  of  genera  and  species  for  the  4s8  regular  stations  of  the  Survey^  shewing 

representation  of  each  group  of  animals. 


GfXNlp. 


Portfera 

Hydfosoft 

ActinoKoa 

Nemertinea 

BryotCMu 

Asteroidea 

Oi>hniroidea . . . 

Bchinoidea 

Holothufoidea. 

Annulata 

Siptmcnlida 


Genera. 

Species. 

•7 

•7    1 

1-4 

z 

4 

•4 

4 

.04 

OS 

3.8 

a 

9 

.8 

z 

0 

•  x 

z 

.8 

8 

.03 

03 

4.3 

4.3  1 

.OS 

OS 

Group. 


Cirripedia 

Decapoda 

Amphipoda. . 

Isopoda 

Pycnogooida. 
Pelecypoda . . 
Aznphineura. 
Gastropoda.. 
Cephalopoda. 

Tunicata 

Pisces 


Genera. 

Species. 

•4 

•4 

a.  8 

3-5 

1.6 

Z.6 

•  4 

•4 

.  X 

.z 

8.9 

9-a 

.  a 

.  a 

5-9 

6.8 

.  a 

.* 

•9 

z.  z 

z.  z 

z.  z 

In  the  foregoing  table,  it  is  nearly  certain  that  the  figures  for  certain  groups, 
especially,  perhaps,  for  the  Porifera,  do  not  fairly  represent  the  number  of  these  forms. 
For  this  reason,  indeed,  the  Foraminifera  have  been  omitted  altogether.  As  stated  in 
another  section  (p.  91),  the  Foraminifera  were  looked  for  systematically  during  one 
season  only,  while  the  Porifera  at  no  time  received  adequate  attention. 
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III.  Average  number  of  species  per  dredge  haul  for  the  two  vessels  and  the  two  bodies  of 

water  considered  separately. 


Oroup. 


Porifen 

HydrocoA 

Actiaosoa 

Nemcftlim. . . . 
Brjrosott. ...... 

Astcroideft 

OlAiuroidf . . . 
Bguuoiclo. . . . 
Hoiothuoridcft. 

Aanutete 

SiiNUicttUda 

drripedia 


laopodA.... 
Dccspodiu. 


FckcypodA. , 
GMtiopodft. 


Tunkata. 

PiMC*.... 


FiahHawkftatloM. 


Vineyard 

SCNUld 

(aiS). 


Bay  (66). 


CrabUdte 


»-3 
3-9 
1. 1 


(•) 


3.0 
•9 
x.o 


3-3 

7-4 
4.7 


3>3 
•4 


Phalarope  and   Bine 
Wlaci     ' 


Vineyard 

Sound 

(77). 


1.9 

.8 

3-» 


Bay  (90). 


.8 
•4 
.oa 

S.O 

.6 
.07 
•4 

.ot 

4.6 
•  s 
•3 

I.I 
•3 

3-t 


SI.  6 
•3 
9'7 


•  The  Crab  I^cdge  Bryocoa  have  not  been  lifted  by  itationt 

In  a  similar  way  we  have  represented  the  wealth  in  species  ci  each  ci  the  types  of 
bottom  which  have  been  distinguished  (see  p.  70). 

IV.  Average  number  of  genera  and  species  per  dredge  haul  for  the  three  types  of  bottom. 

Genera.  Spedes. 

Sand  (170) 33. 6  36.  5 

Gravel  and  stones  (167) 35. 3  38.  o 

Mud  (iia) 34-8  37. 2 

While  there  is  here,  likewise,  a  rather  surprising  uniformity  among  the  figures,  it  is 
to  be  noted  that  the  ntunber  of  species  is  greatest  for  the  stony  bottoms  and  least  for  the 
sandy  ones. 
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V.  Average  number  of  species  per  dredge  katU,  showing  the  representaUan  of  the  various 
groups  of  animals  on  each  type  of  bottom. 


Group. 


Sand. 


Gravel 
and 


Mtad. 


Potifcra. ...... 

HydracoA 

Actinocoa 

Nemertinffa. . . 

Bxyozoft 

Astcroidea. . . . 
Oi>luurc»dea.. 

Echmoidea 

Qotothunndea 

Annulata 

Sipunculida.., 

Cirripedia 

Ampbipoda... 

iBopoda 

Decapoda 

PycDoconida. . 
Feiecypoda. . . 
Amphineuia. . 
Gastxopoda... 

Tunkata 

Pisces 


0-5 
x-S 

•3 

.oa 
a.  8 

•9 

.08 
x.o 

.oa 
3-4 

•OS 

•3 
1.6 

•S 
3-5 

•OS 
9.8 

•  x 
6-5 

•9 
1-4 


O.S 
.8 
•3 
•  X 

3.0 
.6 
.9 
•4 
•OS 

S-a 
.  X 
•4 

X.6 
.a 

3.6 
•03 

XX.  o 

.1 
7.8 

•4 
X.  a 


To  what  degree  such  figures  as  the  foregoing,  giving  the  average  number  of  species 
per  dredge  haul,  represent  the  actual  wealth  in  species  of  the  various  subdivisions  of  our 
local  sea  bottom  can  not  be  stated  with  certainty.  Whether,  for  example,  the  greater 
number  of  species 'per  dredge  haul  found  in  Buzzards  Bay  denotes  an  actually  greater 
number  of  species  per  unit  area  of  sea  floor,  is  not  self-evident.  It  is  plain  that  the 
dredge  must  cut  more  deeply  into  a  bottom  of  soft  mud  than  into  one  of  hard  sand  or 
gravel,  and  that  therefore  a  larger  proportion  of  burrowing  organisms  will  be  obtained 
in  the  former.  It  seems  quite  posdble,  therefore,  that  the  excess  in  favor  of  Buzzards 
Bay  has  been  exaggerated,  or  that  it  does  not  exist  at  all. 

Now,  an  inspection  of  table  vi,  showing  the  total  number  of  species  taken  at  each 
of  the  five  groups  of  stations,  reveals  the  fact  that  the  number  of  species  taken  by 
the  Fish  Hawk  in  Vineyard  Sound  is  about  25  per  cent  greater  than  that  taken  in 
Buzzards  Bay.  But  it  must  likewise  be  borne  in  mind  that  the  number  of  Fish  Hawk 
stations  in  Vineyard  Sound  was  over  three  times  as  great  as  that  in  Buzzards  Bay, 
thus  rendering  probable  the  capture  of  a  larger  number  of  the  less  common  species.  In 
fact,  it  will  be  noticed  that  the  figures  expressing  the  total  number  of  species  for  each 
of  these  groups  of  stations  may  be  arranged  in  the  same  order  as  those  expressing  the 
number  of  stations  in  each  group.**  We  nevertheless  think  it  likely,  in  view  of  all  our 
data,  that  the  actual  number  of  species  inhabiting  Vineyard  Sound  is  greater  than  that 
inhabiting  Buzzards  Bay.    This  is  probably  due  to  the  fact  that  the  bottom  of  the  former 

o  Tbat  the  xnxmbcr  of  spedes  in  each  case  b  in  no  sense  proportional  to  the  nuixibcr  of  stations  is.  however,  quite  plain. 


Digitized  by 


Google 


8o 


BULLETIN  OP  THE  BUREAU  OP  PISHERIES. 


presents  a  greater  diversity  of  conditions  than  that  of  the  latter,  rendering  it  a  fit  batn- 
tation  for  a  greater  variety  of  life.  Such  a  view  is  in  no  way  inconsistent  with  the 
supposition  that  the  number  of  species  per  unit  area  is  as  great,  or  even  greater,  in 
Buzzards  Bay.    This  matter  will  be  referred  to  later. 

VI.  Number  op  Spbcibs  Takbn  Onb  or  Morb  Tmss  DuRmo  thb  DRSDomc^ 


Group. 


Poraminifen. . 

Porifera 

Hydroxoft 

Actiiunoa 

N«meftiiiea. . . , 

Bryocoa , 

Asteroidea 

Ophiuroidea.., 

Bchinoidea 

Holothuroidea. 

Aimulata 

Siptmcutida... 

Ostracoda 

Cirripedia 

Amphipoda... 

laopoda 

Cumacek 

Sdiizopoda 

Decapoda 

PycnoKtmida.. 

Xiphoaufa 

Pelccypoda 

Amphineura. . , 
Gastropoda.... 
Cephalopoda.. 

Tunicata 

Pisces 

Total... 


Viacsrard  Sound. 


Pish 

Bawl 


!(+?: 


Phalli 
rope 


t 

6 

I 

3 


13 


TotaL 


ai 

% 

I 

49 

X 

48 

X 

17 

«7 


3a4 


Bttxzards  Bay. 


PiA 
Hawk. 


Phalli 
rape 


x(+?) 
X5 


'nitaL 


x(+ 


Crab 


I 
S 

IS 


(>) 


IT 


•  This  table  relates  to  the  "regular" 
mined  ones  in  these  computations. 
^  Bryocoa  not  included. 


stations  only.    Species  of  uncertain  identity  have  been  included  along  with  the  dctar- 


5.  EXPLANATION  OF  THE  FAUNAL  CATALOGUE. 

Part  III  of  the  present  work  consists  of  a  catalogue  or  annotated  list  of  the  fauna 
of  the  Woods  Hole  region.  The  extent  of  territory  comprised  within  the  limits  of  the 
"Woods  Hole  Region,"  as  here  conceived,  has  already  been  indicated  in  chapter  i,  <rf 
the  present  volume,  where  we  have  likewise  discussed  the  sources  of  information  upon 
which  the  present  catalogue  is  based. 

It  is  true  that  an  insignificant  proportion,  numerically  considered,  of  those  who  fre- 
quent the  laboratories  at  Woods  Hole  at  the  present  time  are  interested  primarily  in 
S3rstematic  zoology  or  botany.     But  every  working  biologist,  whatever  his  specialty, 
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deals  with  one  or  more  species  of  animals  or  plants,  which  constitute,  or  at  least  fur- 
nish him  with,  the  raw  materials  for  his  research.  Thus,  it  is  of  advant^e  to  all  that 
a  carefully  prepared  list  of  these  organisms  should  be  published,  if  regarded  merely  as  a 
catalogue  of  available  material.  And  it  will,  we  trust,  be  of  additional  advantage  to 
have  at  hand  a  single  reference  work  which  shall  embody  the  nomenclature  most  recently 
adopted  for  these  species  by  some  of  our  most  competent  systematic  experts.  Confu- 
sion will,  we  think,  be  minimized  by  the  existence  of  some  standard,  even  though  this 
standard  may  be  a  fallible  one. 

In  the  present  catalogue  we  are  offering,  however,  far  more  than  a  mere  list  of 
species.  We  have  gathered  together  all  available  data  regarding  distribution  within 
local  waters,  seasonal  occurrence,  reproduction,  etc.,  and  have  added  various  ecological 
notes,  where  these  have  seemed  appropriate.  It  Is  our  hope  that  these  data  may  be  of 
service  to  those  who  are  in  search  of  material  for  embryological  or  other  studies.  And 
we  further  hope  that  the  decidedly  meager  notes  which  we  offer  may  constitute  a  nucleus 
for  future  growth  in  this  direction. 

It  must  be  emphasized  that  we  do  not  in  any  sense  guarantee  the  trustworthiness 
of  all  the  records  herein  contained.  A  large  proportion  of  them  have  been  included 
wholly  upon  the  authority  of  others,  whose  names  are  mentioned  in  the  text.  Many 
species  are  included,  indeed,  which  have  never  been  seen  either  by  the  present  writers 
or  by  the  specialists  who  have  collaborated  with  us.  While  such  citations  are,  in  most 
cases,  based  upon  the  statements  of  recognized  authorities,  it  is  more  than  possible 
that  in  some  cases  they  rest  upon  errors  of  observation  or  of  identification.  But  it 
would  have  been  a  very  difficult  task  to  cull  out  such  mistakes,  and  we  have  therefore 
included  all  records  based  upon  the  statements  of  persons  believed  to  be  trustworthy, 
unless  we  happen  to  have  definite  evidence  that  these  statements  were  erroneous.  The 
mere  failure  of  subsequent  observers  to  find  a  species  which  had  been  included  in  one 
of  the  earlier  lists  is  not  to  be  regarded  as  decisive  evidence  of  an  error,  in  view  of  the 
known  instances  of  change  in  the  population  of  our  local  waters. 

Due  credit  has  been  given  in  a  large  proportion  of  cases  to  the  authority  for  each 
statement  made,  the  name  of  this  person  being  inserted  at  the  close  of  the  citation. 
The  person  cited  is  responsible  only  for  so  much  of  the  statement  as  immediately 
precedes  his  name.  Independent  citations  are  in  nearly  all  cases  separated  by 
periods.  In  many  instances  the  statement  dted  has  never  been  published  by  the 
individual  referred  to,  but  has  been  communicated  to  one  of  the  present  authors  orally 
or  recorded  in  manuscript.  Where  no  authority  has  been  indicated  for  a  given  state- 
ment we  mean  either  (i)  that  the  present  authors  are  themselves  responsible  for  the 
observation,  or  (2)  that  the  fact  stated  is  a  matter  of  common  knowledge  to  a  large 
number  of  observers,  or  (3),  in  certain  self-evident  cases,  that  the  bibliographic  reference 
indicates  the  authority  for  the  statement. 

With  most  groups  of  animals,  as  already  stated,  a  certain  proportion  of  the  specimens 
collected  were  referred  to  specialists  for  identification.  Since  the  value  of  a  record 
depends,  in  great  measure;  upon  the  trustworthiness  of  the  identification,  we  have 
indicated  in  a  large  number  of  cases,  the  authority  for  the  latter.  The  symbols  (*  and 
the  like)  denote  that  specimens  from  the  localities  so  designated  have  been  identified 
by  persons  mentioned  in  a  foot  note  at  the  commencement  of  the  list.  In  the  case 
<rf  those  organisms  specimens  of  which  were  invariably  referred  to  specialists,  sytnbols 
16269®— Bull.  31,  pt  X— 13 6 
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have  been  omitted  in  connection  with  the  records,  the  general  acknowledgments  in 
chapter  iv  being  regarded  as  sufficient.  In  other  cases,  failure  to  mention  the  authority 
for  a  determination  implies  that  the  specimen  was  identified  by  one  of  the  present  authors. 
This  is  true  of  the  great  majority  of  readily  recognizable  species  belonging  to  various 
phyla. 

It  must  be  borne  in  mind  that  the  number  of  specimens  recorded  for  a  given 
station  represents,  in  many  cases,  the  number  saved  and  listed,  rather  than  the  ntunber 
actually  brought  in  by  the  dredge.  For  many  animals,  especially  minute  ernes,  the 
former  figure  may  give  no  adequate  idea  of  the  relative  abundance  of  the  species  in  a 
given  dredge  haul. 

The  bibliographic  references  under  each  species  will  be  found  to  be  very  limited 
in  number,  and  to  include,  with  a  few  exceptions,  only  those  works  which  mention  the 
occurrence  of  this  species  within  the  limits  of  the  region  here  under  consideration.  One 
work  has  been  regularly  included,  however,  even  in  cases  where  no  mention  was 
made  of  Woods  Hole  or  vicinity  by  the  authors.  This  is  the  "Report  upon  the 
Invertebrate  Animals  of  Vineyard  Sound"  by  Verrill  and  Smith  (1873).  Likewise,  in 
the  list  of  moUusks,  we  have  regularly  included  page  references  to  Binney's  edition  of 
Gould's  **  Report  on  the  Invertebrata  of  Massachusetts,"  and  for  the  fishes  references 
to  Jordan  and  Evermann's  "Fishes  of  North  and  Middle  America."  It  has  not  been 
thought  worth  while  to  dte  the  first  description  of  each  species  nor  even  to  refer 
to  any  description  or  figure.  To  have  included  these  would  doubtless  have  added 
considerably  to  the  usefulness  of  this  report,  but  we  need  only  remind  the  reader  that 
the  search  for  such  few  bibliographic  citations  as  are  here  offered  required  many  months 
of  thoroughly  uninspiring  labor.  In  many  cases  reference  to  original  descriptions  and 
figures  may  be  found  in  one  or  another  of  the  works  here  cited.  Bibliographic  lists, 
limited  almost  wholly  to  the  works  referred  to  in  connection  with  the  separate  species, 
have  been  appended  to  the  zoological  and  botanical  sections  of  the  catalogue. 

In  order  to  facilitate  the  hiding  of  a  species  which  has  been  listed  by  a  name  unfa- 
miliar to  the  reader,  a  certain  number  of  s3aionyms  have  been  included  in  connection 
with  the  bibliographic  references.  Only  those  names  are  included,  however,  by  which 
the  species  in  question  has  been  designated  in  the  various  works  relating  to  our  local 
fauna.  The  s}^on3rms  here  listed  are  all  included  in  the  S3rstematic  index.  This  will 
probably  render  possible  the  finding  of  a  desired  species  in  a  large  proportion  of  cases. 

As  respects  classification  and  nomenclature,  we  have  found  it  expedient,  and 
indeed  unavoidable,  to  follow  within  each  group  some  one  authority,  this  authority 
being,  in  most  cases,  the  same  person  who  has  been  responsible  for  the  identification 
of  our  species.  Only  thus  has  it  been  possible  to  avoid  a  quite  interminable  examina- 
tion of  the  literature  on  our  part.  This  precedure  has  frequently  led  to  our  being 
obliged  to  substitute  quite  unfamiliar  names  for  ones  long  current  among  American 
biologists,  and  to  our  listing  under  separate  genera  species  which,  to  everyone  but  the 
taxonomist,  are  scarcely  distinguishable  from  one  another  as  species.  No  one  could 
deplore  more  than  we  do  the  necessity  for  such  changes,  and  this  regret  is  the  keener 
because  of  the  confidence  we  feel  that  many  of  these  names  are  not  the  ones  that  will 
ultimately  stand. 

Several  years'  experience  in  the  preparation  of  our  faunal  catak)gue  has  brought 
home  to  us  in  a  forcible  way  some  of  the  most  exasperating  of  the  evils  relating  to 
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zoological  nomenclature.  Indeed,  it  is  upon  the  authors  of  works  like  this,  who  make 
extensive  use  of  taxonomic  names,  while  having  very  little  share  in  their  creation  or 
transmutation,  that  these  evils  perhaps  fall  most  heavily. 

On  the  other  hand,  we  realize  that  there  are  many  sides  to  this  perplexing  question, 
and  that  many  of  the  generic  and  specific  names  in  current  use  among  Woods  Hole 
biologists  are  entirely  unjustified,  as  judged  by  any  standard  except  local  usage.  Those 
who  revolt  because  the  long-cherished  name  of  a  favorite  species  has  been  replaced  by  a 
totally  unfamiliar  one,  must  be  reminded  that  this  is  not  always  due  to  the  caprice  of 
some  perverse  "species  monger."  Nor  are  these  changes  in  all  cases  due  to  the  dis- 
covery that  some  long-forgotten  name  has  ''priority."  There  are  several  other  (legiti- 
mate) reasons  for  changing  the  name  of  a  species,  of  which  mention  may  be  made  of 
two.  (i)  Careful  comparison  may  reveal  the  fact  that  two  supposedly  distinct  species 
dwelling  in  different  parts  of  the  world  are,  in  reality,*  identical.  One  or  the  other  name 
must  be  given  up.  Thus,  we  have  over  and  over  again  been  obliged  to  abandon  names 
given  by  earlier  American  zoologists  to  species  found  upon  the  shores  of  the  New  World. 
We  need  only  mention  the  '*Spongia  sidphurea**  of  Desor  (=:ClionacelaiaGrsait),  the 
"HydracHnia  pdyclina**  of  Agassiz  (now  believed  to  be  identical  with  //.  echinata 
Fleming),  or  the  *'Ascidia  tenella''  of  Stimpson  (=Ciona  intesHnalis  (Linnaeus)).  In 
such  cases,  the  changes  may  at  first  jar  upon  our  nerves,  but  they  must  be  accepted. 
(2)  More  complete  knowledge  of  a  species  may  show  that  its  sjrstematic  position  has 
at  first  been  misunderstood.  Here,  as  in  the  first  case,  we  are  not  dealing  with  rules  of 
nomenclature,  but  with  facts.  If  the  facts  demand  it,  the  species  must  be  assigned  to 
another  genus.  The  most  severe  critics  of  our  systematic  brethren  would  hardly  doubt 
the  wisdom  of  removing  the  toadfish  from  the  genus  Gadus,  to  which  it  had  been  assigned 
by  Linnaeus;  nor  the  expediency  of  so  restricting  the  genus  Nautilus  as  to  exclude  the 
spiral  Foraminiferal 

Many  cases  are  sure  to  arise,  however,  when  the  mere  user  of  zoological  names — and 
to  this  class  belong  the  great  majority  of  present  day  zoologists*— may  well  query  whether 
the  more  refined  grouping  of  species  could  not  better  be  carried  out  within  the  limits 
of  the  genus  itself.  The  latter  procedure  has  the  advantage  of  leaving  the  generic 
name  (and  therefore  the  full  name  of  the  species)  unaltered.  It  is  not  so  much  for  the 
changing  of  their  conceptions  of  relationship  that  systematic  zoologists  are  criticised  so 
sharply  as  for  their  persistent  changing  of  the  names  which  we  are  all  obliged  to  use 
and  which  we  must  learn  anew  as  often  as  substitutes  are  offered  by  accredited 
authorities.  This  criticism  derives  particular  force  from  the  fact  that  there  is  no  general 
agreement  as  to  how  inclusive  a  division  the  genus  shall  be.  It  is  safe  to  say  that  at  the 
present  time  the  "genera"  of  some  groups  of  the  animal  kingdom  are  as  inclusive  as  the 
"families"  of  certain  others,  while  the  "genera"  of  these  latter  may  correspond  more 
nearly  to  the  "subgenera"  of  the  first. 

It  will  be  understood  without  further  explanation  why  we  have  not  adopted  the 
practice,  current  among  certain  systematists,  of  including  the  subgeneric  name,  in 
parenthesis,  as  an  integral  part  of  the  name  of  a  species.  The  subgenus  is  of  interest 
only  to  the  sj^tematist,  who  may  readily  find  it  by  reference  to  the  appropriate  sys- 
tematic treatise.  The  name  of  the  species  is  complete  without  it,  and  the  biologist  at 
large  should  not  be  burdened  by  having  to  learn  trinomials  of  this  sort. 
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6.  SYNOPSIS  OF  THE  FAUNAL  CATALOGIC 

A  table  has  been  prepared  showing  the  total  number  ci  famifies,  genera,  and  species 
comprised  in  our  annotated  list,  grouped  according  to  the  larger  divisions  cl  the  animal 
kingdom;  likewise  the  number  which  have  been  recorded  during  our  dredging  operations 
and  the  number  of  those  encountered  which  had  not  previously  been  listed  for  local 
waters.  In  this  table  species  have  been  entered  as  doubtful,  either  because  the  determi- 
nation of  the  species  was  made  with  doubt,  or  because  (rf  uncertainty  whether  the 
specimens  taken  really  came  from  within  the  legimi  here  considered.* 

In  the  "tmdetermined"  column  are  included  species  winch  have  been  referred  to 
a  genus  but  not  to  a  species,  provided  only  that  no  determined  member  of  the  same 
genus  has  also  been  listed  with  which  the  species  in  question  may  be  identical. 

Species  have  been  listed  as  ^  taken  by  dredge"  which  were  recorded  either  from  the 
r^ular  dredging  stations  of  the  survey  or  from  any  erf  our  supplementary  stations, 
numbered  or  unnumbered. 

Species  have  been  listed  as  ''added  to  fauna  of  region"  when  it  is  believed  that  their 
local  occurrence  was  recorded  for  the  first  time,  either  as  a  result  cl  the  survey  dredging 
or  d  the  other  collecting  operations  which  were  carried  on  during  these  same  years  by 
members  of  the  laboratory  staff  or  by  investigators  who  have  cooperated  in  the  work. 
In  many  cases,  it  is  true,  these  additions  to  our  local  fauna  have  been  announced  in 
other  publications^  but  their  inclusion  here  seems  none  the  less  justifiable. 

SYNOPnc  Tablb  op  Spbcibs  Comprisbd  m  Annotated  List. 


Groups  of  organiMitt. 


Number  of 


repre- 
Mnted. 


Number  of 


Number  of  QMdes 
(toUl). 


Deter- 


Undeter- 


dredge. 


Spedet 
added  to 
fauna  of 
region. 


Protozoa. . . 
Porifera.... 
Hydzozoa.. 
ScyplMnoa. 


Ctenophora 

Turbellariak 

Ttematoda 

Cestoda 

Nemertmea 

Nmift*^*^**"  "****** . 

Chfletognatha 

Dinophilea 

Bryoxoa 

Asteroidea 

Ophiuroidea 

Bdiinoidea 

Holothuroidea 

Polycfaeta 

Oligocheta 

Hirudinea 

SipuncuUda 


(?) 
8 

54 

4(  +  X?) 
9(+a?) 
7 
19 

(?) 

(?) 
9 

(?) 


3 

4 
3 
3 

35 

4 


7S 
IS 

76(+3?) 
5(+i?) 

«o(+3?) 
7 

31 

«5 

99 

X3 


36(+l?) 

3 

6 

4 

5 
9« 

8 

3 


99 

ia(+a?) 
i3a(+8?) 
5(+i?) 
«4(+3?) 
8 

4o(+i?) 
5a(+a?) 
7« 

»5(  +  «?) 
33(+5?) 

X 

3 

76(+5?) 
6 
6 
4 

8(+i?) 
i33(+6?) 


»3 

il(+3?) 
a8(+x?) 


4(+a?) 


67(+i?) 
6 
S 

J 
4 
7«(+4?) 


3(+l?) 
6(+t?) 


44(+l?) 


7(+6?) 


•  Certain  spedef  only  recorded  from  beyond  the  ao-fathom  line,  and  thus . 
»  The  spedes  added  by  von  Ora£f  (19")  have  been  induded  in  this  tabk. 
the  computation. 


Mgs  sumcifhat  ertralimital.  arc  also 
Von  OrafTs  families  are  likewise  ' 


here  Itstsd. 
included  in 
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Synoptic  Tablb  of  Spbcibs  Comprised  in  Annotated  LisT—Ccmtiiiued. 


Groups  of  organisms. 


Number  of 
funifics 
repre- 
sented. 


Number  of 


Number  of  species 
(total). 


Deter- 
mined. 


Undetcr- 


Species 
taken  by 
dredge. 


Idedto 
fauna  ol 
resion. 


Fliyllopoda 

Oitracoda 

Oopepoda  (f  ree) 

Oopepoda  (parasitic) 

Orripedia 

Amphipoda 

]gopoda. 

Ciiiusfta 

Stomatopoda 

Scnixopoda 

Decapoda 

JLiphoBon. 

Pycnoftonida 

Aradmida 

IiiMCta 

Fdccypoda 

Amphineura 

Gastropoda 

Ceplialopoda 

Bntcropaeusta 

Tmrirata 

PlSOCS 

Reptilia 

Aves 

Mammalia 

Total 


i(+i?) 

3 
I3(+I?) 

8 

4 

aa(+a?) 
ix(+x?) 


s(+i?) 


(?) 


3X 


43 
3 


99 
4 

xa 
6 


a(+x?) 
zx 

aa(+x?) 
3a 

6 

S4(+5?) 
ao(+a?) 

6 

a 

4 
J7<+s?) 

X 
5(+x?) 

X 

as 

48(+x?) 

a 
8x 

4 
X 

x8 
x88(+a?) 

5 
44 
xx(+a?) 


a(+x?) 
a6 

a5(+x?) 
s8(+a?) 
X5(+a?) 
7x(+3?) 
a5<+3?) 

8(+a?) 

3 

5 
Sx(+4?) 

X 
5(+x?) 

X 

z6 
7o(+6?) 

a 
xa9(+9?) 

4 

X 

aa(+s?) 
a47(+S?) 
5 
W 


47a(+?) 


i,oes(+a5?) 


i.69s(+8a?) 


a(+x?) 


35 

ID 


x(+?) 
a7(+a?) 


65(+a?) 


X4(+6?) 
30 


a6 
X4 


x(+?) 

4 


X7(+?) 


3(+5?) 
6(+x?) 


5Xo(+aa?) 


x84(+?) 


7.  COMPARISON  OF  THE  WOODS  HOLE  CATALOGUE  WITH  CERTAIN  OTHERS. 

While  it  is  no  part  of  our  present  plan  to  enter  into  a  historical  discussion  of  the 
progress  which  has  been  made  in  cataloguing  the  marine  fauna  and  flora  of  other  parts 
of  the  worldy  it  has  seemed  worth  while  to  compare  our  own  annotated  Ust  with  certain 
others,  both  American  and  European.  Accordingly,  we  have  presented  in  parallel 
columns  the  number  of  species  belonging  to  each  group  which  have  been  listed  for 
Vineyard  Sound  and  adjacent  waters  by  Verrill  and  Smith  (1873);  for  eastern  Canada 
by  Whiteaves  (1901);  for  the  vicinity  of  Pljrmouth,  England,  by  the  Marine  Biological 
Assodation  (1904);  for  the  Irish  Sea  by  Herdmah  and  his  colleagues  (1896);  and  for 
the  GuK  of  Trieste  by  Graeffe  (1880-1903). 

The  work  of  A.  E.  Verrill  and  S.  I.  Smith,  which  appeared  in  the  first  report  of  the 
United  States  Commissioner  of  Fish  and  Fisheries,  was  the  most  ambitious  attempt 
which  had  yet  been  made  to  catalogue  the  fauna  of  any  section  of  our  coast.  While 
nominally  a  **  Report  upon  the  Invertebrate  Fauna  of  Vineyard  Sound  and  the  Adjacent 
Waters,"  and  based  primarily  upon  the  earliest  dredging  operations  of  the  United  States 
Fish  Commission,  the  scope  of  this  work  extended  to  the  whole  southern  shore  of  New 
England,  and  incidentally  to  more  distant  points.    The  report  is  divided  into  two  chief 
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sections,  the  first  of  which  comprises  a  discussion  of  the  fauna,  according  to  particular 
habitats  and  types  of  bottom  (e.  g.,  "rocky  shores  of  the  bays  and  sounds,"  "muddy 
bottoms  off  the  open  coast,"  etc.),  the  second  being  constituted  by  the  catalogue  or 
annotated  list,  together  with  a  considerable  number  of  descriptions  and  figures.  The 
former  section  contains  an  extensive  mine  of  ecological  facts  of  interest  and  value,  and 
despite  the  somewhat  loose  and  desultory  method  of  treatment  the  work  will  remain  a 
classic  in  American  marine  ecology.  In  all,  over  650  species  were  listed  by  these  authors, 
a  considerable  number  of  these  being  described  as  new  to  science.  The  range  of  each 
species,  so  far  as  known,  was  stated,  along  with  its  bathymetric  distribution  and  other 
facts  in  its  natural  history. 

In  preparing  our  own  catalogue  of  the  fauna,  we  have  incorporated  all  the  species 
recorded  from  the  "  Report  upon  the  Invertebrate  Animals  of  Vineyard  Sound,"  excepting 
such  as  are  plainly  extralimital,  or  such  as  are  believed  to  have  been  wrongly  identified. 
A  detailed  comparison  of  the  two  lists  furnishes  some  evidence  of  a  certain  amount  of 
change  in  the  composition  of  our  fauna  during  the  past  40  years.  Examples  of  such 
changes  will  be  discussed  in  their  proper  place. 

Since  the  publication  of  the  report  of  Verrill  and  Smith  no  work  has  appeared  upon 
American  marine  ecology  of  a  magnitude  at  all  comparable  with  it.  Annotated  Usts 
of  species  have  been  published,  which  have  amended  and  extended  the  records  of  that 
report;  but  these,  for  the  most  part,  have  been  restricted  to  single  divisions  of  the  animal 
kingdom  and  have  given  the  bare  data  of  distribution,  with  but  slight  comment. 
Probably  the  most  comprehensive  of  these  recent  annotated  lists  dealing  with  the 
marine  fauna  of  any  portion  of  the  Atlantic  coast  of  the  American  continent  is 
Whiteaves's  "Catalogue  of  the  Marine  Invertebrata  of  Eastern  Canada."  This  work 
lists  more  than  a  thousand  species  of  invertebrate  animals,  and  is  said  to  consist  "of 
a  systematic  list  of  all  the  species  from  the  eastern  Canadian  seaboard  that  have 
been  so  far  identified  or  described,  with  notes  on  their  geographical  distribution  and 
bath3mietrical  range." 

In  order  to  compare  the  fauna  of  these  two  sections  of  the  American  coast,  belong- 
ing to  two  recognized  zoogeographical  "regions,"  we  have  indicated  in  our  table  the 
number  of  species  belonging  to  each  major  group,  which  are  common  to  the  Woods 
Hole  and  the  Canadian  lists.  These  figures  are  probably,  in  some  cases,  too  low,  owing 
to  our  failure  to  recognize  the  same  species  under  two  different  names. 

Ever  since  the  days  of  Edward  Forbes  the  exploration  of  English  waters  by  means 
of  the  dredge  has  been  actively  prosecuted,  and  the  fauna  of  various  sections  of  the  coast 
has  been  catalogued.  In  recent  years  the  two  principal  centers  for  English  faunistic 
studies  have  been  Plymouth  and  Uverpool.  Commencing  with  the  foundation  of  the 
Pl5anouth  laboratory  in  1887,  the  waters  of  that  region  have  been  diligently  explored, 
and  from  time  to  time  lists  have  been  published  comprising  the  entire  known  fauna 
and  flora  or  particular  groups  of  organisms.^  The  last  of  these  inclusive  lists  was 
published  in  1904  and  embraced  all  previous  records,  so  far  as  they  were  believed  to 
be  authentic*  Over  1,200  species  of  invertebrate  animals  are  catalogued  in  this 
report,  which  includes  copious  notes  upon  local  distribution,  reproduction,  and  gen- 
eral ecology. 

a  These  inty  be  found  in  tiie  JouniAl  of  the  Marine  Biological  Aasodatioa.  from  1887  to  the  present  time. 
b  Bvcn  this  list  has  been  supplemented  to  some  extent. 
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In  its  scope  this  Pljrmouth  census  covers  an  area  which  **  roughly  speaking,  .... 
may  be  said  to  lie  within  a  radius  of  15  miles  from  the  labpratory/'  and  *' extends  from 
the  shore  to  a  depth  of  30  to  35  fathoms."  The  area  is  thus  somewhat  smaller  than  is 
comprised  within  the  Woods  Hole  region,**  as  we  have  defined  it,  though  considerably 
greater  depths  have  been  included.  But  the  scope  of  the  two  catalogues  is  fairly  com- 
parable, save  for  the  exclusion  of  vertebrates  from  the  Plymouth  list,  and  some  instruc- 
tive comparisons  are  possible.  In  the  Plymouth  region,  as  in  our  own,  systematic 
dredging  has  been  carried  on  throughout  considerable  areas.  Indeed  the  biological 
survey  conducted  by  E.  J.  Allen  *  and  his  colleagues  in  adjacent  portions  of  the  English 
Channel  appears  to  be  one  of  the  most  exhaustive  investigations  extant  of  the  rela- 
tions between  fauna  and  bottom  deposits. 

Commencing  with  1885,  another  group  of  English  biologists,  under  the  lead  of 
Prof.  W.  A.  Herdman,  have  been  engaged  in  a  systematic  study  of  the  fauna  of  the 
Irish  Sea.<^  Especial  attention  has  been  devoted  to  Liverpool  Bay  and  to  the  vicinity 
of  the  Isle  of  Man,  but  a  large  part  of  the  bottom  of  the  Irish  Sea  has  been  explored, 
and  the  fauna  and  bottom  deposits  have  been  analyzed  with  great  thoroughness.  The 
results  of  this  work  have  been  conuntmicated  from  time  to  time  in  the  Reports  of  the 
Liverpool  Marine  Biology  Committee,  in  the  Transactions  of  the  Liverpool  Marine 
Biological  Society,  in  the  Reports  of  the  British  Association,  as  well  as  in  a  separate 
series  of  volumes  entitled  "Fauna  of  Liverpool  Bay"  (no.  i-v).  A  complete  list  of  the 
species  recorded  up  to  that  date  was  published  in  the  report  of  the  British  Association 
for  1896,  and  a  synopsis  of  this  list  has  been  included  in  our  comparative  table. 

The  greater  number,  at  least,  of  the  leading  biological  stations  of  the  world  have 
devoted  more  or  less  attention  to  the  enumeration  of  the  organisms  fotmd  in  their 
immediate  vicinity.  This  is  preeminently  true  of  the  Naples  station,  the  pioneer 
among  marine  laboratories.  One  need  allude  only  to  the  splendid  monographs  com- 
prised  in  the  "Fauna  und  Flora"  series,  and  to  the  less  pretentious  faunistic  contri- 
butions published  from  time  to  time  in  the  "Mittheilungen"  of  the  station.  So  far  as 
we  know,  however,  no  single  inclusive  list  of  species  has  been  published  which  renders 
possible,  without  great  labor,  a  comparison  with  the  fauna  of  Woods  Hole. 

At  the  Trieste  station,  maintained  by  the  Austrian  Government  on  the  Adriatic 
Sea,  a  census  of  the  local  marine  fauna  has  for  many  years  past  been  conducted  by 
Graefife  (i  880-1 903),  and  lists  of  species  have  appeared  comprising  most  of  the  chirf 
divisions  of  the  animal  kingdom.  Here,  as  at  Plymouth,  abundant  data  are  recorded 
respecting  reproduction  and  general  ecology.  In  the  last  column  of  our  comparative 
table  we  have  indicated  the  number  of  species  recorded  by  Oraeffe  for  each  group  of 
animals. 

It  is  obvious  that  these  various  faunal  catalogues  differ  widely  from  one  another 
in  respect  to  their  scope.  Three  of  them  are  restricted  to  the  invertebrates,  while  in 
only  one  (that  of  Woods  Hole)  are  the  marine  birds  listed.  Likewise,  at  Woods  Hole 
alone,  among  these  stations,  has  any  serious  attempt  been  made  to  list  the  fish  parasites, 
either  the  worms  or  the  copepods.  On  the  other  hand,  the  Foraminifera  and  some 
other  groups  have  received  relatively  little  attention  in  our  survey. 

a  In  reality,  bowever.  the  vast  majority  of  our  records  relate  to  a  regioa  of  much  smaller  extent. 
b  See  Allen  (1899).  P.  a^SSA^- 

eProf.  Herdman  had  some  years  earlier  taken  part  in  a  census  U  the  hivertebrate  fauna  of  the  Pirth  of  Porth.    (See  I^etUe 
and  Herdman.  x88x.) 
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Again,  the  areas  comprised  differ  widely  in  their  extent,  ranging  as  they  do  from 
restricted  bodies  of  water,  such  as  the  Gulf  of  Trieste,  to  such  extensive  tracts  of  ocean 
as  the  Irish  Sea  or  the  seas  bordering  the  eastern  coast  of  Canada.  Even  the  report 
of  Verrill  and  Smith,  despite  its  title,  covered  a  much  wider  territory  than  that  dealt 
with  in  the  present  work,  and  included  greater  depths  of  sea.  Indeed,  with  the  ex- 
ception of  the  waters  of  the  Gulf  of  Trieste,  those  of  the  Woods  Hole  region,  as  here 
understood,  are  the  most  restricted  among  those  considered  in  respect  to  bathymetric 
range. 

It  would  not  be  fair,  therefore,  to  look  to  the  parallel  columns  of  this  table  for 
any  really  accurate  comparison  of  the  faunas  of  the  several  regions  referred  to,  dther 
in  respect  to  their  wealth  or  their  composition.  Especial  reservation  must  be  made 
in  accepting  the  figures  representing  the  number  of  species  common  to  Woods  Hole 
and  to  Canada  or  Plymouth.  It  is  likely  that  the  number  of  common  species  has  been 
underestimated,  partly  owing  to  the  diflSculty,  without  exhaustive  research,  of  resolv- 
ing the  s)mon3any  of  the  various  species;  partly  to  the  probable  identity,  not  yet 
recognized,  of  various  European  and  American  forms.  If  due  caution  be  exercised, 
however,  we  believe  that  facts  of  real  value  may  be  brought  out  by  the  comparison. 

Species  are  here  listed  as  doubtful  which  are  either  undetermined  or  of  doubtful 
identity,  provided  that  they  are  believed  to  be  distinct  from  any  others  included  in 
the  same  list.  Varieties  are  omitted,  except  in  those  caaes  where  the  species  is  repre- 
sented only  by  one  of  its  varieties. 

Synopsis  op  Woods  Holb  Marins  Fauna,  as  Comparsd  with  that  op  Certain  Other  Rbgiors 

POR  wmcH  Lists  have  bsbn  Prbpared. 


GroajMiof  orgmisiiii. 


Woods 

Hole 

(present 

report). 


Vcrrin 

and 
SBith. 


(Whhcftvct). 


Nmiber 
ol 


to  Woods 
Hole. 


Flyniocith. 


Nmnber 
of 


to  Woods 
Hole. 


IridiSca 
(Hcitlnim). 


Trieste 
(GfMfFe). 


Poriient 

Hydrotoa 

Scyphosoft 

Actinoxoa 

Ctcnophora 

TurbcUaria 

Trematoda 

Ccstoda 

Ncxnertinca 

Ncmathehninthcs . 

Cluetognatha 

Dinophilea 

Bryozoa 

Bradiiopoda 

Phoroois 


99(+5?) 
ia<+7?) 
I3«(+«?) 
S<+1?) 
X4(+3?) 
8 

40(+i?) 
5»<+4?) 
7I(HS3?) 

as(+ir) 

33(+S?) 
x(+i?) 
3      , 

76(+5?) 


8(+9?) 
«o(+i?) 

5(+a?) 
u 

4(+l?) 

9 


64 

36(+«?) 
66 
S 

44 

4 
4 


S3 

6 

4X 

t 
4 

4 


X09 

18 

Ml 

I 

34 

3 

6»(+a?) 


Z9 
4(+i?) 
34(+6?) 

t(+i?) 

s 


a39 
5« 

ia9(+i?) 

6 
M 

4 
•7 


4S 
64(+s?) 

9 
•9 

5 


l3(+5?) 
i(+i?) 


K>(+X?) 


24(+2?) 


a9(+4?) 


IIS 

4 


45(+a?) 


i03(+i?) 


a8(+4?) 


X36 


S6 


Asteroidea 

Ophhiroidea 

Echinoidea 

Holothuroklca. . 

Crinoidea 

Potychaeta^  ... 


6 
6 

4 
8(+r?) 


5 
5 

4 
6(+i?) 


i33(+xo?) 


«8(+i3?) 


2X 

3 

IS 
3 

xos(+x?) 


(x?) 


X4« 


7 
7 
8 

X 

87(+x?) 


8 

5 

X3 

X 

135 


o  Of  98  Woods  Hole  protozoa,  only  39  are  Foramiiiifefa,  ^vliile  all  of  those  in  the  other  rohmms  belong  to  the  latter  croapi. 
h  Including  Polygordiidc. 
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Synopsis  op  Woods  Hous  Marinb  Fauna,  as  Comparsd  with  that  of  Cbrtain  Othsr  Regions 
FOR  which  Lists  havb  bbbn  PRBPARBDr-Continued. 


Oroupt  of  organisms. 


Woods 

Hole 

(present 

lepoft). 


VerriU 

and 
Smith. 


Canada  (Whiteavcs). 


Plymouth. 


Number 

o( 
species. 


Conunon 

to  Woods 

Hok. 


Number 


Common 

to  Woods 
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Vertebrates 


x,6a5(+xas?) 

x.386(+ii6?) 
339(+9?) 


6a6(+69?) 


6a6(+69?) 


x.058(+ax?) 


x,058(+ai?) 


365(+4?) 


x.aa9(+3?) 


x.aa9(+3?) 


x6a(+X7?) 


x,8a8(+a7?) 

x,68i(+a7?) 
X47 


x.449(+4?) 

x.a68(+4?) 
x8x 


o  Conoprising  both  the  "  Gcphyrea  armata"  and  the  Sipunculoidea. 
b  Some  of  the  species  comprised  in  the  Trieste  list  are  not  nurine. 
«  Seventy  of  the  Plymouth  gastropods  are  nudibranchs. 

Before  leaving  this  hasty  comparison  between  our  own  biological  census  and  a  few 
of  the  similar  undertakings  elsewhere,  reference  should  be  made  to  certain  works  in 
which  some  features  of  our  own  survey  are  closely  paralleled.  We  must  mention  first 
of  all  the  explorations  in  the  Kattegat  of  the  Danish  steamer  Hauchs,  under  the  charge  of 
C.  G.  J.  Petersen.  The  resemblance  between  the  Danish  project  and  our  ownlies  in  the 
successful  endeavor  to  correlate  the  distribution  of  various  species  with  peculiarities 
of  bottom  and  of  water  temperature,  and  particularly  in  the  presentation  of  a  number 
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of  charts  portra3ring  the  actual  distribution  patterns  of  certain  species.  Unfortu- 
nately Petersen  thought  fit  to  plot  upon  each  of  these  charts  the  records  for  a  consid- 
erable number  of  species  (26  in  one  case),  thus  rendering  it  very  difficult  to  distinguish 
the  distribution  of  any  one  of  these,  and  to  a  large  extent  impairing  the  usefulness  oi 
the  charts.  Petersen's  ''General  results"  (of  which  an  English  translation  is  provided) 
includes  one  of  the  most  philosophical  discussions  which  have  appeared  of  the  factors 
determining  the  distribution  of  marine  animals. 

The  important  paper  of  E.  J.  Allen  (1899)  has  already  been  mentioned  in  an  earlier 
chapter.  Allen  has,  among  other  things,  presented  16  charts,  each  portraying  the 
distribution  of  several  species,  usually  members  of  the  same  zoological  class.  Each 
species  is  indicated  by  a  letter,  its  relative  abundance  at  various  points  being  denoted 
by  the  style  of  t)rpe.  These  distributions  are  plotted  upon  an  identical  form,  having 
the  bottom  characters  indicated  by  conventional  shading.  Only  scattered  patches  are 
thus  represented,  however,  and  in  general  the  charts  have  little  in  common  with  our 
own. 

The  detailed  distribution  of  numerous  marine  species  has  likewise  been  ascertained 
by  Herdman  and  his  associates  for  the  neighborhood  of  the  Port  Erin  biological  station 
on  the  Isle  of  Man.  Seven  distribution  charts -have  been  published  (Herdman,  1901), 
each  chart  embracing  one  or  more  entire  groups  of  organisms.  Upon  these  charts  each 
species  is  designated  by  a  ntunber,  so  that  the  total  distribution  of  any  given  form  may 
be  ascertained  (though  rather  laboriously)  by  finding  all  the  various  positions  occu- 
pied by  the  number  which  has  been  assigned  to  it. 
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Chapter  IV.— THE  FAUNA  CONSIDERED  BY  SYSTEMATIC  GROUPS. 

I.  PROTOZOA. 

This  phylum  is  represented  in  our  list  by  99  determined  spedes,  together  with  5 
others  which  are  entered  as  midetermined  or  doubtful.  Of  the  99  determined  species 
32  are  assigned  to  the  Rhizopoda,  2  to  the  Heliozoa,  21  to  the  Mastigophom,  38  to  the 
Ciliata,  5  to  the  Suctoria,  and  2  to  the  Sporozoa.  All  but  2  of  the  rhizopods  belong  to 
the  subclass  Foraminif  era,  of  which  23  species  have  been  encountered  during  our  dredging, 
and  a  number  of  others  collected  on  piles,  etc.  With  the  exception  of  two  or  three 
species,  no  Foraminifera  had  been  recorded  for  local  waters  prior  to  the  operations  of 
the  present  survey. 

The  data  which  we  have  utilized  relative  to  the  Protozoa  are  derived  mainly  from 
two  sources.  The  Foraminifera  were  obtained  during  the  dredging  operations  of  1905 
and  1907,  and  were,  without  exception,  identified  by  Dr.  J.  A.  Cushman,  of  the  museum 
of  the  Boston  Society  of  Natural  History.  A  nearly  complete  list  of  these  species  has 
already  been  published  by  Dr.  Cushman  (1908).  The  records  for  the  other  divisions 
were  taken  from  the  report  of  Calkins  (1902)  upon  the  marine  Protozoa  of  the  region, 
to  which  have  been  added  a  very  few  data  from  the  writings  of  Peck  (1894  ^^d  1896). 
In  our  annotated  list  the  classification  which  we  have  adopted  is  that  of  Professor 
Calkins,  except  in  the  case  of  the  Foraminifera.  For  the  treatment  of  the  latter  group 
Dr.  Cushman  is  responsible. 

The  local  records  for  Protozoa  are  comparatively  scanty.  The  report  of  Calkins 
represents  the  search  of  one  investigator  for  a  period  of  two  months  during  the  mid- 
summer alone.  'VWth  very  few  exceptions,  the  forms  listed  were  taken  from  the  local 
pier,  dose  to  the  laboratory  building.  Nevertheless,  as  a  result  of  this  somewhat  super- 
ficial examination,  Calkins  was  able  to  record  72  species,  8  of  which  were  described  as 
new  to  science.* 

No  search  was  made  for  Foraminifera  during  the  summers  of  1903  and  1904,  though 
Discorbina  rosacea  was  noted  on  several  occasions  without  its  identity  being  recognized. 
Dr.  Cushman's  presence  at  the  Woods  Hole  laboratory  during  the  season  of  1905  directed 
our  attention  to  these  organisms,  and  bottom  samples  from  most  of  the  stations  of  that 
year  were  examined  by  him  personally.  The  dredging  during  that  season  was  restricted 
to  Vineyard  Sotmd  {Fish  Hawk)  and  the  eastern  shore  of  Buzzards  Bay  (Phalarope), 
Two  years  later,  in  order  to  obtain  more  complete  records  for  the  Foraminifera  and  certain 
other  organisms,  about  25  of  the  Fish  Hawk  stations  in  Vineyard  Sotmd  and  about  30 
of  those  in  Buzzards  Bay  were  revisited.  Bottom  samples  from  all  these  points  were 
submitted  to  Dr.  Cushman,  who  was  thus  enabled  to  provide  us  with  important  supple- 
mentary data.  Only  two  species  were  found,  however,  which  had  not  previously  been 
recorded  by  us,  and  it  is  Dr.  Cushman's  belief  that  the  list  of  local  Foraminifera  is  toler- 
ably complete.  But  our  knowledge  of  their  distribution  within  the  region  was  greatly 
extended  by  these  later  dredgings.  We  have  accordingly  departed  from  the  custom, 
which  has  been  followed  for  most  other  groups,  of  including  in  our  distribution  charts 

•  Two  of  Uwae  are  no  longer  regarded  by  Dr.  Calkins  as  good  spedes. 
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only  data  derived  from  the  regular  dredging  operations  of  the  first  three  years,  and  have 
plotted  out  the  records  of  these  supplementary  dredgings  in  the  case  of  the  ForaminifenL 

The  meager  representation  of  the  Foraminifera  in  our  local  fauna  is  realized  in  a 
striking  way  when  the  present  records  are  compared  with  those  for  deep-sea  dredging. 
There  occurs  in  these  waters  none  of  the  "ooze*'  which  forms  such  a  marked  feature  of 
the  ocean  bottom  the  world  over.  The  maximum  number  of  species  found  by  the  survey 
at  any  single  station  was  9  (Phalarope  station  78),  and  the  average  number  found 
throughout  the  period  during  which  a  careful  examination  was  made  ^  was  i  .4  species 
per  dredge  haul.  During  the  Challenger  dredgings,  it  was  not  uncommon  to  find  100 
species  of  Foraminifera  at  a  single  station,  and  o\ner  240  species  were  found  in  one  case. 

The  Canadian  list  of  Whit  eaves  comprises  64  members  of  this  group,  13  of  which 
are  known  to  occur  in  our  local  waters;  while  the  Plymouth  list  comprises  109  species, 
19  of  which  are  common  to  Woods  Hole.  The  list  for  the  Irish  Sea  comprises  209  species 
of  Foraminifera.  All  three  of  these  foreign  surveys  have  extended  to  waters  of  consider- 
ably greater  depth  than  any  which  occiu*  within  the  **  Woods  Hole  region"  of  the  present 
report.    The  great  disparity  in  the  wealth  of  Foraminifera  is  thus  largely  accounted  for. 

Distribution  charts  have  been  plotted  for  those  9  of  our  local  species  which  were 
taken  at  10  or  more  of  the  dredging  stations.  Regarding  the  distributions  here  por- 
trayed few  definite  conclusions  can  be  offered,  owing  to  the  incompleteness  of  the  records 
upon  which  they  are  based.  As  already  stated,  these  organisms  were  not  looked  for 
during  the  regular  dredgings  of  the  Fish  Hawk  in  Buzzards  Bay,  nor  during  the  Phak^ 
rope  dredging  in  ^neyard  Sound,  though  the  former  deficiency  was  in  some  measure 
rectified  during  the  summer  of  1907.  As  a  consequence,  one  might  easily  be  misled 
respecting  the  relative  abundance  of  certain  spedes  on  various  parts  of  the  local  sea 
floor.  For  example,  most  of  the  species  seem  to  be  scarce  or  absent  in  the  central  parts 
of  Buzzards  Bay.  This  is  doubtless  due  in  part  to  the  fact  that  material  was  examined 
from  less  than  30  stations  in  the  deeper  parts  of  the  Bay,  as  compared  with  about  125 
in  the  Sound.  During  the  supplementary  dredging  of  1907  a  number  of  species  (Af«/i- 
olina  senUnulum,  Polymorphina  lactea,  PolystomeUa  siriatopunctata,  and  Roialia  beccarii) 
were  encountered  at  Fish  Hawk  stations  in  the  Bay;  the  two  last  named,  indeed,  being 
taken  with  considerable  frequency.  It  does  not  seem  unlikely,  however,  that  the  soft, 
black  mud  which  prevails  throughout  much  of  Buzzards  Bay  is  unfavorable  to  some 
species  of  Foraminifera,  as  to  many  other  organisms  of  all  sorts.  On  the  other  hand, 
with  a  very  few  exceptions,  every  species  which  was  recorded  from  Vineyard  Sotmd  was 
taken  with  greater  or  less  frequency  along  the  island  shores  of  Buzzards  Bay. 

One  feature  in  the  distribution  of  nearly  all  the  species  which  have  been  plotted 
is  the  greater  frequency  with  which  they  occur  at  the  western  end  of  Vineyard  .Sotmd. 
Indeed,  certain  species  are  entirely  lacking  in  the  eastern  half.  So  far  as  is  known,  the 
same  degree  of  care  was  taken  in  preserving  and  examining  the  bottom  samples  through- 
out  the  whole  length  of  the  Sound  during  the  Fish  Hawk  dredging  of  1905.  This  greater 
abundance  of  Foraminifera  at  its  western  end  would  thus  seem  to  be  a  genuine  fact  in 
distribution.  Whether  it  is  due  to  the  character  of  the  bottom,  which  is  predominantly 
sandy  in  the  western  half  of  the  Sound,  or  to  the  comparative  absence  of  the  swift  tidal 
currents  in  the  latter  part  can  not  be  stated  with  any  certainty. 

a  JmAa^ng  oaky  tbsFiskHamkioadPkdanpttlbiiikm^i  190$, 
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The  following  is  a  list  of  the  Foraminifera  dredged  by  the  Survey, 
denotes  species  which  were  recorded  from  lo  or  more  stations: 


The  asterisk 


Astrorhiza  limicola. 

Reophax  dentaliniformis. 

Haplophragmium  canariense. 

Webbina  hemispherica. 

Spiioculma  limbata. 
•Biloculina  ringens  (chart  i). 

Biloculina  tubulosa. 
*Milk>lma  semmulum  (chart  2). 
^Miliolina  oblonga  (chart  3). 
*Miliolina  circularis  (chart  4). 

Miliolina  boueana. 

Miliolina  venusta. 


Miliolina  bicomis. 

Vemeuilina  polystropha. 
^Polymorphina  lactea  (chart  5). 

Polymorphina  ooncava. 

Pdlymorphina  rotundata. 
♦Discorbina  rosacea  (chart  6). 

Tnmcatulina  lobatula. 
*Pulvinulina  lateralis  (chart  7). 
*Rotalia  beccarii  (chart  8). 
*Poly8tomella  striatopunctata  (chart  9). 

Polystomella  crispa. 


2.PORIFERA, 


The  treatment  of  the  sponges  constitutes  decidedly  the  weakest  spot  in  our  report. 
In  addition  to  the  naturally  great  difficulties  presented  to  the  systematist  by  these 
animals  is  the  fact  that  the  group  has  been  very  largely  neglected  by  local  zoologists. 
Since  the  work  of  Verrill  in  the  early  seventies,  in  which  a  considerable  proportion  of 
the  forms  recorded  were  not  specifically  determined,  no  attempt  has  been  made  to  list 
or  describe  the  sponges  of  the  shallower  waters  of  the  New  England  coast.  Verriirs 
later  studies  were  devoted  to  species  taken  at  considerable  depths  and  belonging  to  a 
fauna  quite  distinct  from  that  under  consideration.  Lambe,^  it  is  true,  has  given  much 
attention  to  the  Canadian  sponges,  some  of  which  are  identical  with  species  included 
in  the  present  work,  and  H.  V.  Wilson '^  has  reported  upon  the  Porto  Rico  forms, 
none  of  which,  however,  are  known  to  occur  in  the  Woods  Hole  region.  The  paucity 
of  our  data  relating  to  the  shallow-water  species  constitutes  a  conspicuous  gap  in  our 
knowledge  of  the  local  fauna. 

In  view  of  this  condition  of  affairs,  Dr.  J.  A.  Cushman,  of  the  museum  of  the  Boston 
Society  of  Natural  History,  undertook  during  the  summer  of  1905  and  during  the  fol- 
lowing winter  to  identify  the  sponges  collected  in  the  course  of  the  Survey  dredging. 
Twelve  species  were  specifically  determined  by  him  with  more  or  less  certainty,  four  of 
these  being  forms  which  had  been  overlooked  or  left  unidentified  by  Verrill  at  the  time 
of  the  writing  of  the  "Report  upon  the  Invertebrate  Animals  of  Vineyard  Sound." 
Certain  other  species  were  provisionally  assigned  to  genera,  and  an  even  greater  number 
remained  undetermined.  It  was  unfortunately  impossible  for  Dr.  Cushman  to  continue 
this  work  after  1905,  and  thus  the  results  here  presented  are  fragmentary  and  perhaps 
not  wholly  consistent. 

In  all,  14  determined  species  of  sponges  are  comprised  in  our  annotated  list»  the 
identity  of  which  is  not  certain  in  all  cases.  We  have  aJso  included,  on  the  authority  of 
Verrill  and  of  Cushman,  a  number  of  unidentified  forms,  to  which  generic  names  have 
been  provisionally  assigned. 

The  Canadian  list  of  Whiteaves  comprises  36(4-2.^)  species  of  Porifera  (identified 
in  the  main  by  Lambe),  six  of  which  are  common  to  our  Woods  Hole  list.  At  Pl5rmouth 
only  18  sponges  have  been  catalogued,  of  which  four  or  five  are  common  to  our  own 

•  sponges  from  the  Atlantic  coast  of  Canada.    Transactions  of  tLe  Royal  Society  of  Canada,  vol.  11,  sec.  iv.  1896,  p.  x8i-axz. 
»  Bulletin  of  the  U.  S.  Pish  Commission,  vol.  xx,  tgoo  (190a).  p.  375-411- 
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waters.**  Herdman  records  58  species  from  the  Irish  Sea,  while  Graeffe  lists  45  species 
from  the  Gulf  of  Trieste.  As  implied  in  the  foregoing  discussion,  it  is  likely  that  the 
Woods  Hole  list  will  be  greatly  extended  by  further  investigations. 

Referring  to  our  dredging  records  for  this  group,  the  distributions  oi  certain  forms, 
such  as  Cliona  celata,  Microciona  proltfera,  Teihya  gravida,  and  PdymasHa  robusta,  have 
probably  been  ascertained  with  a  fair  degree  of  accuracy.  On  the  other  hand,  it  is 
probable  that  some  confusion  occurs  between  the  two  species  of  Chalina,  since  specimens 
which  were  listed  in  the  field  records  as  C.  arbusctUa  were  in  a  number  of  cases  subse- 
quently identified  as  C.  oculata  (see  catalogue).  For  this  reason  a  single  chart  has  been 
prepared,  which  includes  all  the  records  for  this  genus.  A  similar  confusion  exists 
regarding  the  two  species  of  Halichandria  (//.  panicea  and  H,  caduca).  And  in  addition 
to  these  equivocal  records  specimens  belonging  to  entirely  undetermined  species  of 
this  genus  are  listed  from  about  20  of  the  regular  dredging  stations  and  were  doubtless 
taken  at  many  others. 

Under  such  circumstances  little  of  a  general  nature  can  be  said  regarding  the 
distribution  of  these  animals  in  local  waters.  The  species  having  the  most  general 
occurrence  was  Cliona  celata  Grant  {=Spongia  stUphurea  Desor),  which  was  recorded 
from  171  of  the  regular  stations.  This  form  seems  to  flourish  nearly  as  well  on  one 
kind  of  bottom  as  another,  though  it  is  much  less  common  in  the  western  half  of  the 
Sound  than  in  the  eastern  half .^  That  its  scarcity  in  the  former  region  is  not  due  to 
the  lower  summer  temperature  of  the  water  there  is  rendered  probable  by  the  fact  that 
this  species  has  been  reported  by  Lambe  from  Prince  Edward  Island,  in  the  Gulf  of 
St.  Lawrence.  It  has  not  t)een  taken  by  us,  however,  at  Crab  Ledge,  where  many  of 
the  typical  cold-water  species  occur  and  many  southern  ones  are  lacking. 

Microciona  prdifera  is  not  uncommon  in  the  Sound  in  the  form  of  reddish  incrus- 
tations on  the  surface  of  stones  and  shells.  In  Buzzards  Bay,  particularly  in  the  inshore 
waters,  it  frequently  grows  up  into  the  characteristic  and  beautiful  arborescent  form. 

A  species  of  Grantia,  which  has  been  regarded  as  G.  ciliaia  (Fabridus)  by  Verrill 
and  others,  is  common  on  piles,  and  one  or  more  species  of  the  same  genus  (not  improb- 
ably identical  with  the  foregoing)  were  encountered  at  various  points  in  dredging 
(chart  10). 

An  interesting  case  of  restricted  distribution  is  exemplified  in  the  case  of  PolymasHa 
robusta,  for  which,  however,  no  chart  has  been  prepared,  owing  to  the  limited  number  of 
stations  from  which  it  was  recorded.  This  readily  recognizable  species  was  taken  by 
us  a  few  times  at  the  western  entrance  of  Vineyard  Sound  and  in  the  mouth  of  Buz- 
zards Bay;  likewise  at  five  of  the  seven  regular  stations  of  the  survey  at  Crab  Ledge. 
It  is  thus  a  representative  of  that  colder  water  fauna  which  just  enters  the  limits  of  our 
region.  So  far  as  we  know,  this  species  has  not  been  listed  from  points  farther  south 
upon  our  coast  than  Marthas  Vineyard,  though  ranging  northward  at  least  to  the  Gulf 
of  St.  Lawrence. 

Another  case  of  definitely  restricted  distribution,  for  which,  however,  no  explanation 
can  be  offered  at  present,  is  that  of  Tethya  gravida.  This  species,  which  was  first  described 
by  Hyatt  from  specimens  taken  in  Buzzards  Bay,  was  encountered  by  us  eight  times, 

•  It  it  fUted  by  the  uithon  thst  "the  list  is  a  very  imperfect  one,  many  coaunoo  spcdcs  not  having  been  identified  and 
recorded." 

h  The  diait  for  this  spedes  likewise  shows  a  considerable  gap  in  the  central  region  d  the  Bay,  but  spednMns  were  later 
taken  at  several  points  in  this  area. 
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but  always  within  a  very  limited  area  near  the  head  of  the  Bay.  Mr.  G.  M.  Gray  also 
reports  finding  it  at  Bird  Island,  in  the  same  vicinity.  We  know  of  no  other  records 
of  the  occurrence  of  this  species. 

The  following  is  a  list  of  the  species  recorded  from  the  Survey  dredgings.  The. 
asterisk  denotes  those  which  were  taken  at  10  or  more  of  the  stations  (exclusive  of  Crab 
Ledge). 


Chalina  arbuscula. 
Chalina  octilata. 
Esperella  modesta. 
Desmacidon  palmata. 
Myxilla  sp.  undet. 
*Microciona  prolifera  (chart  13). 


Ascortis  fragilis. 
?*Grantia  ciliata  (chart  10). 
*Cliona  celata  (chart  11). 

Polymastia  lobusta. 

Tethya  gravida. 

Halichondria  panicea. 

Halichondria  caduca. 

A  chart  (12)  has  been  prepared  based  upon  the  equivocal  records  for  one  or  both 
species  of  Chalina, 

Of  the  three  determined  species  so  common  as  to  have  been  recorded  from  10  or 
more  stations,  one  appears  to  be  distinctly  northern,  another  to  be  distinctly  southern, 
while  the  third  appears  to  have  a  range  of  nearly  equal  extent  in  both  directions.  The 
ranges,  as  given  by  Verrill  (1873),  are  as  follows: 

Grantia  ciliata:  Rhode  Island  to  Greenland. 
Cliona  celata:  South  Carolina  to  Portland,  Me. 
Microciona  prolifera:  South  Carolina  to  Cape  Cod. 

Cliona^  as  already  stated,  has  since  been  reported  from  the  Gulf  of  St.  Lawrence. 

3.  CCELENTERATA. 

Our  list  comprises  160  determined  species  belonging  to  this  phylmn,  together  with  12 
others  which  are  undetermined  or  doubtful.  These  are  assignable  to  54(4-3?)  families 
and  98(-l-7 ?)  genera.  The  representation  of  the  various  classes  is  as  follows:  Hydrozoa, 
i32(-l-8?);  Scyphozoa,  5(-f  i?);  Actinozoa,  i4(-l-3?);  Ctenophora,  8.  Among  these, 
28(-f I?)  of  the  Hydrozoa  and  4(4-2?)  of  the  Actinozoa  have  been  encountered 
during  the  Survey  dredgings.  The  Sc3rphozoa  and  Ctenophora,  owing  to  their  pelagic 
mode  of  existence,  do  not  figure  in  the  dredging  records,  although  the  latter  frequently 
and  the  former  occasionally  were  taken  during  the  reeling  in  of  the  dredge  or  trawl. 
Furthermore,  a  large  majority,  even  of  the  fixed  hydroids,  comprised  in  our  catalogue, 
find  their  proper  habitat  in  shallower  waters,  where  they  grow  attached  to  plants  or 
woodwork,  and  are  rare  or  absent  upon  the  bottoms  reached  by  the  dredge. 

The  identification  of  specimens  concerning  which  any  doubt  was  felt  by  the  col- 
lectors was  made'by  Prof.  C.  W.  Hargitt,  of  Syracuse  University,  and  Prof.  C.  C.  Nut- 
ting, of  the  University  of  Iowa,  to  whom  we  again  take  occasion  to  express  our  thanks 
for  their  assistance.  The  identification  of  the  1903  specimens  was  performed  by  Prof. 
Nutting,  that  of  the  subsequent  material  by  Prof.  Hargitt.  A  comparison  of  the  deter- 
minations made  by  these  two  authorities  revealed  certain  differences  of  opinion,  some  of 
which  were  later  adjusted.  In  other  cases,  such  differences  are  indicated  in  the  text. 
Prof.  Hargitt  was  present  at  the  laboratory  as  a  member  of  the  investigation  staff  dur- 
ing the  summers  of  1905  to  1909,  inclusive,  and  the  records  for  those  seasons  are  doubt- 
less on  this  account  more  complete  than  during  the  two  previous  seasons  of  the  Survey's 
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work.  During  these  two  earlier  seasons  it  seems  probable  that  certain  minute  and 
inconspicuous  forms  were  overlooked  by  the  collectors.  It  is  likewise  probable  that 
some  closely  related  species  were  confused  in  the  field  records.  This  is  perhaps  true  to 
some  extent  even  of  such  common  forms  as  Eudendrium  ramosum  and  £.  dispar,  though 
samples  from  many  of  the  stations  were  fortunately  preserved  for  future  reference. 

The  apparent  scarcity  of  nearly  all  hydroids  throughout  Buzzards  Bay,  as  por- 
trayed by  the  distribution  charts,  may  be  due  in  some  measure  to  the  fact  that  no 
specialist  in  this  group  was  present  during  the  season  of  1904,  when  the  original  Fish 
Hawk  dredging  was  carried  on  in  that  Ixxiy  of  water.  We  are,  however,  inclined  to 
attribute  a  minor  importance  to  this  fact  in  judging  of  the  occurrence  of  hydrmds  in 
Buzzards  Bay,  since  records  from  29  stations  which  were  redredged  in  1909  do  not 
materially  affect  our  ideas  regarding  the  local  distribution  of  these  organisms. 

The  data  utilized  in  the  preparation  of  our  catalogue,  aside  from  those  derived 
from  our  own  collecting  operations,  are  based  principally  upon  the  published  works  of 
A.  Agassiz  (1865),  Verrill  (1873),  Nutting  (1901),  and  Hargitt  (1901-1908).  In  addi- 
tion, special  records  were  furnished  by  members  of  the  investigation  staff  or  by  others. 
Particular  mention  must  be  made  of  some  rather  extensive  manuscript  notes  kindly 
contributed  by  Prof.  Hargitt.  The  latter  authority  likewise  consented  to  revise  our 
annotated  list  in  respect  to  nomenclature  and  classification,  though  he  regards  these  as 
being  still  to  a  considerable  extent  provisional. 

About  20  species  new  to  science  have  been  described  during  the  past  10  years  by 
Hargitt,  Nutting,  Mayer,  and  others  from  specimens  taken  within  the  limits  of  the 
present  r^on.  At  least  two  of  these  (Ectopleura  prolifica  Hargitt  and  Keraiosa  cam- 
plexum  Hargitt)  were  described  from  specimens  obtained  during  the  course  of  the  survey 
dredging;  while  a  number  of  them  were  first  collected  and  described  during  this  same 
period,  though  independently  of  the  dredging  operations.  Still  other  species  (Calypio- 
spadix  cerulea,  Opercvlarella  pumdla,  Sertularia  versluysi,  Serhdarella  pdyzanias,  Aglao- 
phenia  minuta,  Tealia  crassicomis),  though  more  or  less  familiar  elsewhere,  have  t)een 
added  to  the  known  fauna  of  these  waters  through  the  dredging  and  collecting  opera- 
tions which  form  the  chief  subject  of  the  present  volume. 

Verrill  and  Smith  (1873)  recorded  72  determined  species  of  coelenterates  from 
definitely  stated  points  within  the  limits  of  the  region,  together  with  a  considerable 
number  of  others  which  were  doubtful,  undetermined,  or  extralimital.  Among  the 
forgoing  72  species  were  57  Hydrozoa,  3  Scyphozoa,  8  Actinozoa,  and  4  Ctenophora. 
Certain  of  the  species  listed  by  Verrill  (e.  g.,  Halecium  gracile,  Edwardsia  farinacea^  and 
£.  lineata)  do  not  appear  to  have  been  encountered  in  local  waters  by  later  naturalists. 
Indeed,  repeated  search  by  our  parties  for  Edwardsia  lineata  at  points  whe^e  it  was 
said  to  be  abundant  by  Verrill  failed  to  bring  to  light  a  single  specimen.  On  the  other 
hand,  certain  species  which  were  not  listed  at  all  in  the  ''  Invertebrate  Animals  of  Vine- 
yard Sound''  are  now  known  to  be  common  in  these  waters.  Such  are  Podocoryne 
cornea,  Lizzia  grata,  TubtUaria  cauthouyi,  Stavrostoma  laciniata,  Epenthesis  foUeaia, 
Halecium  halecinum,  Gonionemus  murbachit,  and  SagarHa  Iucub.  The  last-named 
species  we  know  to  be  a  recent  immigrant  into  these  waters,  which  probably  arrived 
here  within  the  past  15  years.  Indeed  it  has,  during  this  briet  period,  become  by  far 
the  most  abundaat  of  our  local  actinians.    Whether  or  not  any  of  the  other  spedes  are 
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inmngirants  of  recent  standing  can  not   be  stated.     We  have  no  satisfactory  evidence 
that  such  is  the  case. 

The  Canadian  list  prepared  by  Whiteaves  includes  66  Hydrozoa,  5  Scyphozoa,  44 
Actinozoa,  and  4  Ctenophora.  Of  these,  41  Hydrozoa,  2  Scyphozoa,  4  Actinozoa,  and 
4  (all)  of  the  Ctenophora  are  common  to  our  Woods  Hole  list.  It  is  interesting  that 
while  the  number  of  hydroids  in  the  Canadian  list  is  only  half  as  great  as  in  our  own, 
the  number  of  actinians  is  about  three  times  as  great. 

The  catalogue  for  Plymouth  includes  121  Hydrozoa,  8  Scyphozoa,  34  Actinozoa, 
and  3  Ctenophora.  Of  these,  34  (  +  6?)  Hydrozoa,  2  (?)  Scyphozoa,  (2  + 1  ?)  Actinozoa, 
and  2  Ctenophora  are  known  to  be  common  to  the  Woods  Hole  region. 

The  list  of  Herdman  for  the  Irish  Sea  comprises  129(4-1  ?)  Hydrozoa,  6  Scyphozoa, 
24  Actinozoa,  and  4  Ctenophora.  There  is  a  rather  close  agreement  between  the 
Woods  Hole,  Pl3anouth,  and  Irish  Sea  lists  in  respect  to  the  number  of  Hydrozoa 
comprised.  On  the  other  hand,  both  of  the  latter  lists  agree  in  including  a  considerably 
greater  number  of  actinians  than  have  been  recorded  from  the  Woods  Hole  region. 

For  the  Gulf  of  Trieste,  Graeflfe  catalogues  64(-l-2?)  Hydrozoa,  9  Sc3rphozoa,  29 
Actinozoa,  and  5  Ctenophora. 

In  all  these  comparisons  the  differences  in  area  and  in  bath3rmetric  range  among 
the  various  regions  must  df  course  be  kept  in  mind  (see  p.  87). 

On  the  average  1.8  species  of  coelenterates  were  recorded  for  each  of  the  458  regu- 
lar stations  of  the  Survey.  The  species  found  to  be  of  most  general  occurrence  was  the 
coral  Astrangia  dame,  which  was  encountered  at  158  of  the  stations,  this  being  the  only 
coelenterate  which  was  so  prevalent  as  to  be  recorded  from  one-fourth  of  the  stations 
dredged.  It  is  likely,  however,  that  HydracHnia  echinata  was  actually  present  in  at  least 
one-fourth  <rf  the  dredge  hauls,  and  that  it  was  frequently  overlooked  by  us  in  listing 
the  species  in  the  field. 

Referring  to  the  table  on  page  78,  it  will  be  seen  that  on  the  average  nearly  three 
times  as  many  species  of  hydroids  per  dredge  haul  were  recorded  for  the  Fish  Hawk 
stations  in  Vineyard  Sound  as  for  those  in  Buzzards  Bay,  while  the  average  number  of 
Actinozoa  was  the  same  in  both  bodies  of  water.  The  Pkalarope  stations  in  \^neyard 
Sound  likewise  show  an  excess  of  hydroids  as  compared  with  the  stations  in  the  Bay. 
From  the  table  on  page  79  it  is  evident  that  there  is  a  greater  wealth  both  of  hydroids 
and  of  actinians  on  bottoms  of  gravel  and  stones  than  upon  bottoms  of  mud  or  of 
pure  sand.  As  respects  Hydrozoa,  the  average  number  of  species  is  nearly  twice  as 
great  upon  sandy  bottoms  as  upon  muddy  ones.  The  distribution  of  most  coelenterates 
upon  the  local  sea  floor  is,  we  believe,  almost  wholly  conditioned  by  the  character  of 
the  bottom. 

Charts  have  been  prepared  showing  the  distribution,  in  local  waters,  of  10  species 
of  Hydrozoa  and  3  of  Actinozoa.  A  list  of  these,  with  a  statement  of  the  geog^phical 
distribution  of  each  is  given  below.  Owing  to  the  probable  incompleteness  of  our 
earlier  records  for  the  Hydrozoa,  the  practice  of  basing  our  charts  upon  the  original 
dredgings  of  the  "regular"  series  only  has  not  been  adhered  to  for  this  group.  The 
results  of  various  supplementary  dredgings  (see  p.  62)  have  been  incorporated  here 
as  in  the  case  of  the  Foraminifera  and  the  Bryozoa. 
16269^ — Bull.  31,  pt  I — 13 7 
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These  charts  nearly  all  agree  in  showing  the  paucity  of  codentemte  life  in  Buzzards 
Bay,  to  which  reference  has  already  been  made.  In  fact,  but  two  species  (Eudendrium 
ramosum  and  Astrangia  darue)  appear  to  be  of  anything  like  as  general  occurrence  in 
the  Bay  as  in  the  Sound.  Two  species  among  those  charted  were  not  recorded  from  a 
single  station  in  the  former  body  of  water,  while  some  of  the  others  are  confined  within 
its  limits  to  the  extreme  lower  end  or  to  the  immediate  neighborhood  of  land.  This 
last  condition  is  found  to  obtain  in  the  case  of  many  species  belonging  to  nearly  every 
group  which  do  not  thrive  upon  muddy  bottoms,  and  their  distribution  is  readily 
explainable  by  reference  to  this  fact.  Hydroids,  as  is  well  known,  depend  for  support 
upon  a  solid  substrattun,  such  as  is  afforded  by  stones  or  dead  shells,  and  their  frequent 
occurrence  upon  bottoms  which  are  listed  as  of  pure  sand  is  doubtless  made  possible 
by  the  presence  of  shells.  Where  such  solid  objects  occiu-  in  the  Bay,  however,  they 
are  commonly  more  or  less  covered  by  soft  mud.  Nevertheless,  at  least  one  species  <rf 
hydioid,  Eudendrium  ramosum,  has  established  itself  in  considerable  abundance  on 
the  floor  9f  Buzzards  Bay,  a  fact  which  is  difficult  to  explain  when  we  consider  the 
almost  total  absence  there  of  Pennaria  iiarella,  a  species  having  a  quite  similar  mode  ci 
life,  and  one  which  is  abundant  throughout  the  Sound. 

Of  considerable  interest  is  the  scarcity  of  Hydractinia  echinaia  over  the  whole  central 
area  pf  Buzzards  Bay.  That  this  is  not  due  to  the  scarcity  within  this  area  of  the  her- 
mit crabs  upon  whose  shells  Hydractinia  commonly  dwells  may  be  seen  by  reference  to 
charts  109,  1 1 1  and  112,  from  which  it  is  evident  that  the  three  commonest  local  Paguii 
are  present  throughout  the  entire  Bay.  It  was  at  first  thought  possible  that  the  non- 
appearance of  this  hydroid  in  the  records  of  the  Fish  Hawk  for  Buzzards  Bay  m^^t 
have  been  due  to  the  failure  of  those  responsible  for  the  latter  series  <rf  stations  to 
include  it  when  listing  the  contents  of  the  dredge.  That  this  is  not  a  satisfactory  expla- 
nation was  shown  in  the  course  of  some  supplementary  dredgings  made  during  the 
summer  of  1909.  Hermit  crabs  (P.  Umgicarfms  and  P.  annulipes)  were  taken  at  16  of 
the  former  Fish  Hawk  stations,  but  in  only  a  single  instance  was  Hydractinia  met 
with,  though  Podocoryne  was  noted  three  times.* 

Several  of  the  hydroids,  particularly  Tubularia  cauthouyi  and  Thuiaria  argeniea, 
appear  to  show  a  marked  preference  for  the  eastern  half  of  Vinej^ard  Sound,  where  thfe 
bottom  is  in  large  measure  stony.  The  distribution  of  Obelia  geniculaia  is  probably 
dependent  upon  that  of  certain  algae,  to  which  it  is  generally  found  attached.  Its 
abundance  in  the  vicinity  of  Gay  Head  probably  stands  in  direct  relation  to  the  occur- 
rence there  of  lai^e  numbers  of  the  kelps  (Laminaria),  upon  which  it  frequently  grows. 

At  least  two  very  instructive  cases  are  to  be  noted  among  the  species  charted, 
which  appear  to  be  intelligible  only  by  reference  to  temperature  conditions.  We  refer 
to  the  two  actinians,  Alcyonium  carneum  and  Astrangia  datuB,  The  former  was  found 
to  be  confined  to  the  western  end  of  Vineyard  Sound  and  the  extreme  lower  end  of 
Buzzards  Bay.  It  was  not  surprising,  therefore,  to  meet  with  this  species  at  several 
of  the  Crab  Ledge  stations.  The  case  is  quite  comparable  with  that  of  the  sponge. 
Polymastia  rcbv^ta,  referred  to  on  page  94,  and  with  many  others  which  will  be  considered 
later.    The  limits  of  distribution  for  this  species,  so  far  as  known,  are:  Rhode  Island 

a  These  supplementary  dredgmcs.  however,  added  several  spedes  to  the  fauna  of  the  Bay,  so  far  as  recorded  by  us.    These 
were  Clytm  cyUndHca,  Pennaria  tiardla  (which  is  doubtless  common  enough  in  shallow  waters  near  shore),  Podocoryne 
and  Schiaotricka  tonella.    While  none  ci  these  were  taken  with  sufficient  frequency  to  affect  seriously  our  conception  ci  the 
terate  fauna  d  the  Bay,  they  point  to  the  probability  of  considenble  gaps  in  our  original  records  for  this  group. 
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(Verrill)  to  the  Gulf  of  St.  Lawrence  (Whiteaves).  It  is  thus  predominantly  a  northern 
form,  which  here  approaches  the  southern  limit  of  its  range.  Temperature  is,  with 
little  doubt,  the  determining  factor  in  the  distribution  of  this  species  in  local  waters. 

What  appears  to  be  a  type  of  distribution  exactly  converse  to  the  last  is  to  be 
found  in  the  case  of  the  simple  coral,  Astrangia  daruB,  This  species  is  abundant  and 
of  very  general  distribution  throughout  most  of  Buzzards  Bay  and  Vineyard  Sound. 
Indeed,  it  seems  to  be  almost  equally  at  home  upon  every  sort  of  bottom,  including 
soft  black  mud.  Now,  it  will  be  seen  that  this  form  is  conspicuously  scarce  at  the  open 
end  of  Vineyard  Sound,  i.  e.,  in  those  same  colder  waters  to  which  Alcyonium  seems 
adapted  to  live.  Astrangia,  we  learn,  is  a  southern  species,  finding  its  northward  limit 
at  or  near  Cape  Cod,  so  that  its  scarcity  in  the  colder  waters  of  the  region*  is  thus  perhaps 
explained.  It  may  be  suggested,  on  the  other  hand,  that  this  gap  in  the  local  distribu- 
tion of  Asirangia  may  result  from  the  character  of  the  bottom,  which  is  almost  wholly 
sandy  throughout  the  area  in  question.  The  species  has,  however,  been  dredged  else- 
where upon  bottoms  of  practically  pure  sand,  so  that  this  explanation  does  not  seem 
sufficient. 

If  we  seek  for  comparisons  between  the  distributions  of  different  members  of  the 
same  genus,  we  find  that  our  dredging  records  furnish  few  data  of  importance  upon  this 
subject.  Tubularia  couihouyi  and  T.  crocea  are  seen  to  present  certain  characteristic 
differences,  in  that  the  former  is  largely  restricted  to  stony  bottoms,  while  the  latter  is 
of  much  more  general  occurrence  upon  the  local  sea  floor  and  is  abundant,  likewise, 
even  upon  piles,  etc.,  in  shallow  water.  The  former  species  has  not  been  taken  with 
living  hydranths  during  the  summer  months,  except  at  Crab  Ledge  and  in  the  deeper 
waters  south  of  Marthas  Vineyard,  while  T.  crocea  has  been  foimd  within  the  region  in 
an  active  condition  throughout  the  summer. 

Referring  to  the  two  commoner  species  of  Eudendrium  (E.  ramosum  and  £.  dispar), 
it  would  seem  probable  that  the  distribution  of  the  latter  in  local  waters  is  far  more 
restricted  than  that  of  the  former.  Indeed,  our  records  point  to  the  scarcity  or 
absence  of  this  species  in  Buzzards  Bay,^  a  condition  which  affords  an  interesting  con- 
trast to  that  of  E,  ramosuniy  one  of  the  few  hydroids  which  were  dredged  with  any 
frequency  in  the  latter  body  of  water. 

Even  more  striking  differences  of  habitat  shown  by  closely  related  species  of 
coelenterates  might  be  chosen  among  genera  which  do  not  figure  in  our  dredging  records 
at  all,  e.  g.,  Edwardsia  and  Sagariia. 

The  following  is  a  list  of  the  species  taken  in  the  course  of  the  Survey  dredging.  As 
usual,  those  species  are  designated  by  an  asterisk  which  were  taken  at  10  or  more  of  the 
stations: 

HYDROZOA. 


Ectopleura  prolifica. 
♦Pennaria  tiarella  (chart  14). 

Pcxiocoryne  camea. 
*Hydractinia  echinata  (chart  15). 
*Eudendrium  ramosum  (chart  16). 
*Eodendrium  dispar  (chart  17). 


Eudendrium  cameum. 

Eudendrium  capillare. 

Eudendrium  album. 
*Tubularia  couthouyi  (chart  18). 
?Tubularia  spectabilis. 

Tubtilaria  tenella. 


« It  was  not  (otind  by  us  at  Crab  Ledge. 

h  In  the  course  of  the  29  8Ui>pleincntary  dredge  hauls  in  Buzzards  Bay  in  1909.  E.  ramosum  was  taken  eight  times,  but  E, 
Sitpar  was  not  noted  once. 
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Tubularia  crocea  (chart  19). 
Clytia  cylindrica.  . 
Campanularia  verticillata. 
Obelia  commisuralis. 
*Obelia  geniculata  (chart  ao). 
Hebella  sp.  undet. 
Keratosum  complexum. 
Lovenella  grandis. 
Opercularella  pumila. 


Calycella  syringa. 
*Halecium  halecinum  (chart  31). 

Sertularia  pumila. 
*Thuiaria  argentea  (chart  aa). 

Thuiaria  cupreastna. 

Sertularella  gayi. 

Sertularella  tricuspidata. 

Hydrallmania  falcata. 
*Schizotricha  tenella  (chart  93). 


ACTINOZOA. 


Tealia  craasicomis. 
*Astrangia  daiue  (chart  a6). 


*Alcyonium  cameum  (chart  a4). 

PPterogorgia  gracilis  (one  small  dead  fragment). 

*Metridium  dianthus  (chart  2$). 

If  we  consider^  with  respect  to  their  known  ranges  upon  our  coast,  these  13  species 
of  coelenterates  which  were  of  most  frequent  occurrence  in  our  dredge  hauls,  we  may 
group  them  as  follows: 

Predominantly  northern. 

Hydractinia  echinata Greenland  (Mfirch)  to  Charleston,  S.  C.  (McCready). 

Eudendrium  dispar Bay  of  Fundy  to  Vineyard  Sound  ( Verrill). 

Halecium  halecinum Gulf  of  St.  Lawrence  (Whiteaves)  to  Long  Island  Sound  (Hargitt). 

Thuiaria  argentea North  Polar  regions  to  Maryland  (Nutting). 

Alcyonium  cameum Gulf  of  St.  Lawrence  (Whiteaves)  to  Rhode  Island  (Verrill). 

Metridiimi  dianthus Labrador  to  New  Jersey  (Verrill). 

Predominantly  southern, 

Pennaria  tiarella Maine  to  West  Indies  (Mayer). 

Schizotricha  tenella Marthas  Vineyard  (Nutting)  to  Beaufort,  N.  C.  (Praser). 

Astrangia  dance Cape  Cod  to  Florida  (Verrill). 

Having  range  of  approximately  equal  extent  north  and  south, 

Eudendrium  ramosum Labrador  (Verrill)  to  Bermuda  and  Beaufort,  N.  C.  (Hargitt). 

Obelia  geniculata On  our  coast  recorded  from  Labrador  (Verrill)  to  Beaufort,  N.  C. 

(Praser).    [Cosmopolitan,  according  to  Mayer.] 

Range  of  doubtful  extent, 

Tubularia  couthouyi Probably  predominantly  northern. 

Tubularia  crocea Casco  Bay  (Hargitt)  to  Brooklyn,  N.  Y.  (Verrill),  and  perhaps  to 

Charleston,  S.  C. 

Thus  six  of  these  species  appear  to  be  predominantly  northern  in  their  range,  while 
only  three  are  known  to  have  a  range  which  is  predominantly  southern.  This  is  a 
condition  different  from  that  shown  by  the  local  representatives  of  most  of  the  phyla 
of  animals,  which  as  a  rule  show  a  decidedly  southern  bias.  We  do  not  believe, 
however,  that  this  difference  has  any  special  significance,  particularly  since  the  propor- 
tion of  our  coelenterates  which  are  common  to  Canadian  waters  is  no  greater  than  that 
for  the  fauna  at  laige. 

With  the  exception  of  the  two  cases  discussed  above  {Alcyonium  and  Astrangia), 
none  of  these  species  appears  to  be  distributed  in  relation  to  temperatiu^  in  local  waters. 

In  the  foregoing  calculation  we  are  of  course  only  considering  a  few  of  the  com- 
monest bottom-dwelling  species.  Were  we  to  include  the  multitude  of  pelagic  forms 
(Medusae),  many  of  which  are  stragglers  borne  hither  by  the  Gulf  Stream,  it  is  probable 
that  the  ratio  of  northern  to  southern  forms  would  be  quite  different. 
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4.  PLATYHELMINTHES.  NE^WiTHELMINTHES.  ETC 

The  various  classes  of  "flat  worms*'  are  r^iJr^ented  in  our  check  list  as  follows: 
Turbellaria,  4o(  +  i?);  Trematoda,  52(+4?);  Cestod^ ;/i<^- 3  ?) ;  Nemertinea,  25  (i?). 
Of  the  "round  worms"  there  are  14  Acanthocephala 'and  .I2i(j4r 5 ?)  Nematodes.  The 
anomalous  group  of  Chaetognatha  is  represented  by  a  single  deiefidmed  species  of  Sagitta, 
though  there  may  be  one  or  more  undetermined  members  of  the  gtous.-m  Jocal  waters. 
The  Dinophilea,  which  are  included  in  the  present  section  only  for  thfe-6^4*of-iX)nven- 
ience,  appear  to  be  represented  by  at  least  three  species,  none  of  which,  lidwftVcyc;  has 
been  observed  during  the  Survey  dredgings.  *  *;  /..* ; 

Except  for  a  comparatively  small  nuqaber  of  nemerteans  (6  species),  no  representa-' 
tives  of  these  groups  of  "worms"  appear  in  the  dredging  records.  Certain  nemerteans 
are  abundant  locally  in  the  shallow  waters  near  shore,  where  they  live  under  stones  or 
burrow  in  the  mud  or  sand;  while  Turbellaria  of  a  considerable  number  of  species  are 
likewise  common  in  shallow  weedy  waters.  From  the  fragmentary  condition  of  all  the 
nemerteans  which  were  dredged  by  us  it  is  evident  that  the  apparatus  employed  was  ill- 
adapted  to  unearthing  deeply  biurowing  worms  such  as  these.  It  is  likely,  therefore, 
that  our  scanty  records  give  a  very  imperfect  idea  of  the  distribution  of  these  species 
throughout  the  area  dredged. 

It  was  accordingly  inevitable  that  the  greater  part  of  our  data  respecting  these 
groups  of  organisms  should  be  derived  from  previously  published  statements.  The 
records  for  the  Turbellaria  and  Nemertinea  are  based  chiefly  upon  the  works  of  Verrill 
and  of  Coe,  supplemented,  in  the  case  of  the  latter  group,  by  our  own  dredging  records 
and  by  a  set  of  manuscript  notes  kindly  furnished  by  Prof.  Coe.*  The  records  for  the 
endoparasitic  worms  (trematodes,  cestodes,  nematodes,  and  Acanthocephala)  are,  based 
for  the  most  part  upon  the  works  of  Prof.  Edwin  Linton,  who  for  many  years  has 
studied  our  local  fish  parasites  on  behalf  of  the  Bureau  of  Fisheries.  To  these  published 
sources  of  information  we  must  add,  however,  some  valuable  unpublished  notes,  kindly 
put  at  our  disposal  by  Dr.  Linton. 

Acknowledgments  for  the  revision  of  those  portions  of  the  checklist  which  include 
these  groups  are  due  Prof.  Linton  and  Prof.  Coe.  To  Dr.  Coe  we  are  likewise  indebted 
for  the  identification  of  the  nemerteans  taken  during  the  Survey  dredging.  We  have 
thought  it  expedient  to  follow  Dr.  Linton  in  retaining  provisionally  in  their  earlier 
sense  certain  of  the  genera  (e.  g.,  Disiamum),  which  have  been  greatly  subdivided  by 
some  recent  writers.  In  his  own  published  works,  Dr.  Linton  has  taken  occasion  fully 
to  acknowledge  the  invaluable  assistance  of  Mr.  Vinal  N.  Edwards,  who  collected  a  large 
part  of  the  material  described  by  him. 

Of  the  41  Turbellaria  comprised  in  our  catalogue,  9  were  listed  by  Verrill  in  the 
report  of  1873,  though  only  2  of  these  were  recorded  specifically  for  points  within  the 
limits  of  our  region.  The  records  for  most  of  the  other  species  have  been  derived 
from  Prof.  Verrill's  later  writings  and  from  the  recent  report  of  von  Graff. 

The  niunber  of  Turbellaria  which  have  been  listed  from  Plymouth,  England,  is 
about  fifty  per  cent  greater  than  that  contained  in  our  catalogue,  and  so  far  as  is  apparent 
only  two  of  the  species  are  common  to  the  two  regions.  Herdman's  list  for  the  Irish 
Sea  contains  27  members  of  this  group. 

•  The  additioiial  records  for  Turbellaiia  contained  in  UielmporUsit  paper  d  von  Grmff  (1911)  have  abo  been  incorporated 
daring  the  revision  d  the  present  report. 
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Of  the  26  nemerteans  of  our  catalogue,  7  appear  to  be  common  to  the  Canadian  list 
and  5  to  that  of  the  Plymouth  station/-.  Y<he  former  list  comprises  2o(+ 1  ?)  species,  the 
latter  35.  Herdman  has  listed.  1:4 (Vfj?)  species  for  the  Irish  Sea.  None  of  the  groups 
of  parasitic  worms  apjjear.to-.hkve  been  catalogued  at  any  of  these  other  stations. 

Under  the  circuqTst'aino^  which  we  have  stated,  it  is  natural  that  few  generalized 
statements  can'-J)e  mid^  regarding  the  distribution  of  these  groups  locally.  The  para- 
sites were^/w)Ujtee  taken  from  the  fishes,  and  it  would  therefore  be  futile  in  most  cases 
to  stat6i»pe€ific  localities  for  tliese.  Only  such  species  have  been  listed,  however,  as 
.ate  baKeVed  to  have  been  taken  from  fishes  captured  in  strictly  local  waters. 
•:  :  -  Regarding  the  nemerteans,  it  may  be  said  that  in  18  out  of  the  21  occasions  upcHi 
which  these  worms  appear  in  the  dredging  lists  they  were  taken  in  Buzzards  Bay.  It 
is  quite  possible,  however,  that  these  forms  are  much  more  abundant  throughout  Vine- 
jrard  Sound  than  would  be  implied  by  these  records.  As  is  well  known,  many  (rf  the 
species  burrow  rather  deeply  into  the  shores  and  bottoms  which  they  frequent,  and  con- 
siderable digging  is  often  necessary  in  order  to  unearth  them.  Now,  the  soft  bottoms 
of  Buzzards  Bay  were  doubtless,  as  a  rule,  penetrated  more  deeply  by  the  dredge  than 
were  the  sandy  or  gravelly  bottoms  of  Vineyard  Sound. 

Of  the  six  determined  species  of  nemerteans  recorded  for  the  Survey  dredgings  not 
one  was  taken  with  sufficient  frequency  to  warrant  our  plotting  a  distribution  chart. 
The  species  of  most  frequent  occurrence  was  Cerebratulus  luridtis,  which  was  recorded 
10  times,  though  some  of  these  records  are  r^;arded  as  doubtful.  This  species  was 
taken  throughout  the  lower  half  of  Buzzards  Bay. 

The  six  species  recorded  by  us  from  our  dredgings  are: 


I4neu8  bicolor. 
Micrura  leidyi. 
Cerebratulus  lacteus. 


Cerebratulus  marginatut. 
Cerebratulus  luridus. 
Amphiporus  ochraceus. 


5.  BRYOZOA. 


Of  the  Bryozoa,  76(  +  5?)  determined  species  are  recorded  for  the  Woods  Hole 
region  of  which  ^  are  Endoprocta,  the  remainder  belonging  to  the  Ectoprocta.  These 
species  are  assigned  to  21  families  and  36(4- 1  ?)  genera.  Out  of  the  total  number  of 
species  recorded,  67  (+ 1  ?),  or  about  85  per  cent,  were  taken  during  our  own  dredging 
operations;  some  6  or  7  more  were  collected  by  other  means  during  the  progress  of  the 
Survey,  while  5  or  6  others  are  included  wholly  upon  the  authority  of  published  statements. 

Several  new  species  have  been  encotmtered  during  the  Survey  dredging,  descriptions 
of  which  have  been  prepared  by  Dr.  Osbum;  while  about  45  species  have  been  added 
by  us  to  the  known  fauna  of  the  region.  This  latter  number  is  considerably  greater  than 
we  have  been  able  to  record  for  any  other  group  of  organisms,  a  fact  which  should  not 
surprise  us  when  we  recall  that  no  systematic  study  of  the  Bryozoa  had  been  made  in 
these  waters  within  the  past  30  years.  Indeed,  the  subject  has  remained  until  recently 
in  the  same  incomplete  and  rather  chaotic  condition  in  which  it  was  left  by  VerrilL 
One  of  the  authors  of  the  present  report  was  led  to  undertake  the  determination  <rf  the 
species  collected  during  the  Survey  dredging.  This  was  found  to  necessitate  a  critical 
examination  of  the  literature  of  the  group  and  a  comprehensive  study  of  the  bryozoan 
fauna  of  our  Atlantic  coast,  the  results  of  which  have  recently  been  published.* 

a  Osbum.  Ra/mond  C:  Bryozoa  oC  the  Woods  Hole  region.    Bulletin  U.  S.  Bureau  of  Fisheries.  voL  zxc,  19x0  (z9ia). 
p.  903-366,  pL  xvui-xxxi. 
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Desor,  in  1848,  described  two  species  of  Bryozoa  (Bugula  turrita  and  Membranipora 
tenuis)  which  were  collected  by  him  in  the  vicinity  of  Nantucket. 

Verrill,  in  the  report  upon  the  invertebrates  of  Vineyard  Sound,  listed  33  species  of 
Bryozoa,  of  which  27  determined  species  and  several  doubtful  ones  were  recorded  for 
specified  points  within  the  limits  of  the  Woods  Hole  region.  Only  one  of  our  local  species 
was  there  described  for  the  first  time.  In  subsequent  papers  Verrill  added  a  consider- 
able number  of  new  Bryozoa  to  the  fauna  of  the  deeper  waters  off  the  American  coast, 
but  not  more  than  5  ol  these  last  fall  within  the  limits  embraced  by  the  present  report. 
Nickerson  (1898)  added  a  single  species  of  endoproct  (Loxosoma  davenporti)  to  our 
local  fauna,  this  being  first  described  from  specimens  taken  by  him  at  Cotuit  Harbor. 
So  far  as  we  know  this  is  the  only  addition  which  has  been  made  to  VerriU's  lists  of 
Bryozoa  down  to  the  time  of  the  present  Survey. 

Whiteaves  catalogues  115  species  of  Bryozoa  for  the  waters  of  eastern  Canada.  Of 
these  spedes,  45  ( -h  2  ?) ,  or  about  40  per  cent,  have  been  recorded  from  the  Woods  Hole 
region.  On  the  other  hand,  these  47  species  which  are  common  to  the  two  lists 
constitute  neariy  60  per  cent  ci  the  number  comprised  in  our  own  catalogue. 

The  Pljrmouth  list  records  the  occurrence  of  i03(-h  i  ?)  members  of  this  group,  a 
number  which  is  also  considerably  in  excess  of  that  recorded  for  the  Woods  Hole  region. 
About  30  per  cent  of  the  Plymouth  species  (about  40  per  cent,  therefore,  of  the  Woods 
Hole  species)  are  common  to  the  two  lists. 

Herdman  catalogues  136  species  of  Bryozoa  (along  with  many  varieties)  for  the 
Irish  Sea;  while  Grarffe  has  recorded  56  species  for  the  Gulf  of  Triest. 

It  is  scarcely  likely  that  these  figures  give  us  any  accurate  idea  of  the  relative  rep- 
resentation of  this  phylum  in  the  respective  areas  of  sea  bottom.  It  is  not  at  all  prob- 
able that  the  search  for  these  organisms  has  been  equally  exhaustive  at  the  various 
points  named,  and  it  is  certain  that  the  areas  explored  are  far  from  being  comparable  in 
magnitude  (see  p.  87).  We  may  assert  in  full  confidence  that  the  extension  of  our  own 
dredging  operations  to  the  50-fathom  line  would  have  very  greatly  increased  our  list  of 
Bryozoa. 

The  average  number  of  species  per  dredge  haul  recorded  for  the  stations  of  the 
r^^ular  series  was  2.9.  The  species  having  the  most  general  distribution  was  Bugula 
turrita,  which  was  present  at  255  (more  than  half)  of  the  dredging  stations.  Those 
which  were  encountered  so  frequently  as  to  be  taken  at  one-fourth  or  more  of  the  total 
number  of  stations  are : 

Bugula  turrita  (255  stations). 
'  Crisia  ebumea  (aoi  stations). 
Schizoporella  unicornis  (197  stations). 
Smittia  trispinosa  nitida  (163  stations). 

Representatives  of  this  group  are  to  be  found  attached  to  almost  every  sort  of  solid 
object  within  the  waters  of  our  region.  Upon  stones  and  shells  they  form  calcareous 
incrustations,  which  may  be  white,  gray,  yellow,  or  red  in  color,  and  are  often  many 
layers  in  thickness.  Such  are  Smittia  trispinosa  nitida  and  various  species  of  Schizopo- 
rella, Membranipora,  and  Lepralia. 

Other  calcareous  forms  {Cellepora  americana,  Schizoporella  unicornis,  and  5.  biaperta) 
give  rise  to  coral-like  nodules  or  foliaceous  expansions  upon  Hydrozoa,  algae,  or  other 
Bryozoa.    Erect,  hydroid-like  colonies,  such  as  those  of  Bugula,  Bicellaria,  or  Crisia^ 
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attach  themselves  to  various  other  fixed  organisms,  or  directly  to  piles  or  stones.  Plus- 
trella  hispida  forms  a  thick  matting  over  the  rockweed  along  shore,  and  several  species* 
may  be  fomid  upon  active  living  animals,  such  as  crabs.  One,  indeed,  makes  its  home 
in  the  gill  chamber  of  the  blue  crab  {Callinectes  sapidus).  Various  minute  Bryozoa  may 
readily  be  mistaken  for  hydroids,  or  may  be  overlooked  altogether.  Thus  there  is  little 
doubt  that  many  such  forms  escaped  the  collectors  entirely  during  the  earlier  dredging 
work  of  the  survey.  With  some  few  exceptions,  the  incrusting  species  are  the  ones 
which  figure  most  prominently  in  the  dredging  records,  colonies  of  this  sort  seldom  being 
absent  from  stones  or  shells.  Owing  to  the  superficial  similarity  of  several  quite  dis- 
tinct species  of  incrusting  Bryozoa,  it  was  our  practice  throughout  the  dredging  work  to 
save  for  preservation  samples  of  even  the  commonest  species  from  every  dredge  haul  in 
which  they  occurred.  Only  three  species  of  Bryozoa  (Bugula  turriia,  Crista  ebumea, 
and  Cdlepora  americana)  were  regularly  identified  by  the  collectors  in  the  field,  and  there 
seems  to  be  little  probability  that  these  were  confused  with  any  less  familiar  forms. 
All  other  species,  so  far  as  detected,  were  preserved  for  future  examination.  These  were 
later  identified  by  Dr.  Osbum,  who  is  likewise  responsible  for  the  classification  here 
adopted. 

Charts  (27-46)  have  been  prepared  showing  the  distribution  ci  those  species  which 
were  recorded  from  10  or  more  of  the  dredging  stations."  Two  of  these  species,  Lepralia 
americana  and  L.  pallasiana,  were  confused  in  the  earlier  dredging  records  to  such  an 
extent  that  it  has  been  thought  best  to  plot  their  combined  distributions  upon  a  single 
chart.    Thus  there  are  only  20  charts  for  these  21  species. 

Less  of  general  interest  is  to  be  gathered  from  the  local  distribution  ot  the  Bryozoa 
than  from  that  of  many  other  groups  which  we  have  considered.  Only  two  distinct 
types  of  distribution  are  to  be  found  among  those  forms  which  have  been  dredged  with 
any  frequency  in  local  waters.  We  have  (i)  species  whose  distribution  is  general,  or 
without  any  definite  restrictions  throughout  Vineyard  Sound  and  Buzzards  Bay;  and 
(2)  species  found  wholly,  or  at  least  predominantly,  in  Vineyard  Sound.  Not  a  single 
species  has  been  found  which  appears  to  be  restricted  in  any  degree  to  the  Bay.  Thus 
the  phylum  has  a  considerably  greater  representation  in  the  Sound  than  in  the  Bay. 
The  average  number  of  species  taken  per  dredge  haul  ^  may  be  tabulated  as  follows: 

Vineyard  Sound: 

Fish  Hawk  stations 3. 4 

Phalarope  stations 3.  o 

Buzzards  Bay: 

Fish  Hawk  stations 2.  7 

Phalarope  stations 2.  o 

The  average  number  of  species  for  the  Crab  I^dge  stations  would  doubtless  greatly 
exceed  any  of  these  figures,  but  unfortunately  the  data  are  not  available. 

It  is  highly  probable  that  the  character  of  the  bottom  has  been  the  chief  factor  in 
determining  the  results  here  tabulated,  just  as  in  the  case  of  the  Hydrozoa.  Reference 
to  the  table  on  page  79  shows  that  the  average  ntunber  of  species  per  dredge  haul  for 

a  Including  the  8ui>plciiientary  stations  of  1906-1909.  for  the  same  reason  as  already  stated  In  the  caae  d  the  Foraminifora 
and  coeknterates. 

^  Based  uixm  the  oricinal  stations  only.  Were  the  supplementary  dredgings  to  be  considered  in  this  computation,  it  is  likely 
that  the  figures  for  Buzzards  Bay  would  be  somewhat  greater,  though  it  is  quite  improbable  that  they  would  equal  those  for 
A^ocyard  Sound. 
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gravelly  and  stony  bottoms  is  3.7,  that  for  sandy  bottoms  being  2.8,  and  that  for  muddy 
bottoms  being  2.0. 

The  same  fact  is  shown  by  an  enumeration  of  those  species  which  were  taken  at 
one-half  or  more  of  the  dredging  stations  on  each  type  of  bottom.  Four  species  (Crista 
ebumea,  Bugula  lurrUa,  Schizoparella  unicornis ^  and  SmiUia  trtspinosa  nitida)  are  recorded 
as  present  in  more  than  half  of  the  dredge  hauls  made  upon  gravelly  or  stony  bottoms;  a 
single  species  (Bugula  turrita)  is  listed  for  as  great  a  proportion  of  the  dredge  hauls  upon 
sandy  bottoms;  while  not  a  single  species  was  found  with  sufficient  frequency  upon 
mnddy  bottoms  to  appear  in  this  list.** 

It  is  obvious,  however,  that  no  such  bare  characterization  of  the  type  of  bottom 
properly  describes  the  habitat  of  a  fixed  organism  which  depends  for  support  upon  the 
presence  of  some  solid  substratum.  Now  various  solid  objects,  organic  and  inorganic, 
are  commonly  present,  even  upon  bottoms  of  practically  pure  sand,  and  such  objects 
frequently  furnish  attachment  for  Bryozoa.  Even  soft  mud  commonly  contains  dead 
^ells  or  fragments  of  these,  and  some  typical  fixed  organisms,  such  as  the  coral  Astrangia 
and  the  serpulid  worm,  Hydroidesy  are  consequently  of  frequent  occurrence  upon  muddy 
bottoms.  We  believe,  nevertheless,  that  the  comparative  paucity  of  Bryozoa  upon 
such  bottoms  is  due  in  part  to  the  scarcity  of  suitable  objects  for  attachment.  Thus 
the  relative  infrequency  of  Cellepora  americana  and  Hippothoa  hyalina  in  Buzzards 
Bay  is  probably  correlated  with  the  scarcity  of  hydroids  and  algae.  On  the  other  hand, 
it  seems  probable  that  the  continued  deposition  of  silt  is  imfavorable  to  the  growth  of 
many  forms,  even  though  a  suitable  basis  of  support  be  present. 

Grouping  those  species  which  have  been  charted  by  us,  according  to  whether  their 
distribution  is  general  or  restricted,  we  may  arrange  them  provisionally  under  two 
heads.  In  making  this  classification,  the  greater  absolute  number  of  dredging  stations 
in  Vineyard  Sound  must  be  taken  into  account. 


Schizoporella  biaperta. 
Lepralia  americana-}- pallasiana. 
Lepralia  pertusa. 
Smittia  trispinosa  nitida. 
Hippuraria  armata. 


Species  having  a  general  or  unrestricted  distribution  in  local  uaters. 

Cri^  ebumea. 
iBtea  anguina. 
Bugula  turrita. 
?MembraaipQra  pilosa. 
Membranipora  aurita. 
Schizoporella  unicomis. 

Thus  the  majority  of  our  commoner  species  do  not  appear  to  show  any  marked  pref- 
erence for  one  or  the  other  body  of  water.  One  of  the  foregoing  species  (Membranipora 
pilosa)  appears,  however,  to  display  an  avoidance  of  the  more  central  regions  of  the 
Bay.     In  the  above  list  it  will  be  seen  that  both  erect  and  incrusting  forms  are  included. 

Species  restricted  wholly  or  mainly  to  Vineyard  Sound. 

Number  of  stations. 

Bicellaria  ciliata 16  Soimd-|-  3  Bay. 

Membranipora  tenuis 59  Sound-l-17  Bay. 

Membranipora  flemingii 12  Sound -|-  o  Bay. 

Cribrilina  punctata 12  Sound-|-  o  Bay. 

Hippothoa  hyalina 26  Soimd-h  7  Bay. 

Cellepora  americana 66  Sound-l-13  Bay. 

•  It  must  be  added,  however,  that  the  lists  (pp.  70,  71  above)  of  species  present  in  one-fourth  or  more  of  the  dredge  hauls 
opon  these  respective  types  of  bottom  comprise  about  equal  numbers  of  Bryozoa. 
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At  least  two  of  the  foregoing  species  (Membranipora  tenuis  and  Hippofkoa  kyalima)^ 
while  occurring  with  some  frequency  in  the  Bay,  are  restricted  for  the  most  part  to  the 
neighborhood  of  land. 

The  preponderance  of  some  of  these  forms  in  the  Vine3rard  Somid  records  is  prob- 
ably due  in  part  to  the  relative  imperfection  of  our  data  for  Bryozoa  from  Buzzards 
Bay.  Supplementary  dredgings  in  the  Bay,  during  the  summer  of  1909,  revealed  the 
presence  of  a  number  of  species  not  hitherto  found  there,  and  indicated  that  certain 
others  were  not  so  scarce  in  this  body  of  water  as  had  been  supposed.  Indeed,  it  has 
been  necessary  to  remove  certain  species  from  this  second  list  which  had  earlier  been 
placed  there.  Concerning  the  following  species  it  is  not  believed  that  we  have  sufficient 
data  to  warrant  any  conclusions  as  to  their  relative  abundance  in  the  Bay  and  the  Sound : 

Tubulipora  liliacea. 
Membranipora  monoetachys. 
Bowerbankia  gracilis. 

As  a  matter  of  fact  all  three  of  these  species  are  recorded  from  an  absolutely  greater 
number  of  stations  in  the  Sound  than  in  the  Bay.  One  of  them  {Membranipora  mono- 
siachys)  has  been  recorded  in  the  latt^  only  from  the  stations  near  land. 

Aside  from  the  few  cases  mentioned,  in  which  the  occurrence  of  certain  species  in 
the  Bay  is  limited  to  the  inshore  waters,  there  is  nothing  in  the  distribution  of  any  of 
the  species,  so  far  as  shown  by  the  charts,  which  can  be  regarded  as  in  any  sense  ''bathy- 
metric."  Certain  species  which  do  not  appear  in  our  distribution  charts,  however,  are 
restricted  to  shallow  waters,  or  to  the  immediate  neighborhood  of  land,  and  indeed  may 
find  their  proper  habitat  in  the  littoral  or  intertidal  zone.  The  most  familiar  instance  of 
the  last  sort  is  the  abundant  Flustrella  hispida,  which  occurs  in  great  profusion  upon  the 
rockweeds,  Fucus  and  Ascophyllum.  Certain  other  species,  likewise,  such  as  Eucraiea 
chelaia,  Amaihia  dichotoma,  and  Bugula  flabellaia,  have  seldom  been  encountered  by  us 
except  upon  piles.  Another  species,  Membranipora  iehuelcha,  has  only  been  noted  upon 
the  floating  gulfweed,  with  which  it  is  borne  passively  to  our  waters.  This,  like  so  many 
other  species  having  the  same  habitat,  is  a  southern  form  which  does  not  properly 
belong  to  our  local  faima. 

Not  a  single  instance  has  been  found  among  our  dredging  records  of  a  species  of 
this  group  whose  distribution  in  Vineyard  Sound  and  Buzzards  Bay  appears  to  be 
determined  by  temperature.  There  dwell,  however,  within  the  outlying  colder  waters 
of  the  region  considered  by  us,  a  considerable  number  of  species,  most  of  whidi  repre- 
sent a  strictly  northern  faima,  and  many  of  which,  indeed,  find  in  Woods  Hole  or  vicinity 
their  southern  limit  of  distribution.  A  number  of  these  have  not  previously  been  re- 
corded south  of  Canada.  A  list  of  those  species  is  presented,  herewith,  which  have  been 
taken  by  us  at  Crab  Ledge  or  in  the  vicinity  of  Nantucket,  but  not  within  Vineyard 
Sound  or  Buzzards  Bay.  Data  are  included  respecting  their  distribution  as  heretofore 
known. 

Ciisia  cribraria Canada. 

Stomatopora  diastoporoides British  Isles,  Baffins  Bay,  Gulf  of  St.  Lawrence. 

Tubulipora  atlantica North  Atlantic  from  Labiador  to  Florida;  Australia. 

Tubulipora  flabellaris Northern  Atlantic  and  Arctic  seas;  Greenland,  Gulf  of  St.  Lawrence, 

Grand  Manan;  Mediterranean? 
Gemellaria  loricata Northern  Atlantic  and  Arctic  seas;  Labrador,  St.  Georges  Banks,  Grand 

Manan. 
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Scruparia  clavata British  Isles,  Gulf  of  St.  Lawrence. 

Cellularia  peachii Northern  Atlantic  and  Arctic  seas;  Labrador,  Gulf  of  St.  Lawrence,  St. 

Georges  Banks. 
Menipea  temata Northern  Atlantic  and  Arctic  seas;  Labrador,  Gulf  of  St.  Lawrence, 

Grand  Manan. 
Caberia  ellisii Northern  Atlantic  and  Arctic  seas;  Greenland,  Labrador,  Gulf  of  St. 

Lawrence,  Maine. 

Bugula  cucullifera Maine,  off  Cape  Cod. 

Bugulamurrayana Northern  Atlantic  and  Arctic  seas;  Greenland,  Labrador,  Gulf  of  St. 

Lawrence,  New  England. 

Membranipora  cymbseformis Northern  Atlantic  and  Arctic  seas;  Gulf  of  St.  Lawrence. 

Membranipora  craticula Northern  Atlantic  and  Arctic  seas,  Davis  Strait,  Gulf  of  St.  Lawrence. 

Membranipora  unicornis Northern  Atlantic  and  Arctic  seas;  Greenland,  Gulf  of  St.  Lawrence, 

North  Pacific. 

Membranipora  arctica 

Cribrilina annulata "Eminently  a  northern  form;*'  Spitzbergen,  Greenland,  Labrador, 

Gulf  of  St.  Lawrence,  Grand  Manan. 

Porina  tubulosa Northern  Atlantic  and  Arctic  seas;  Gulf  of  St.  Lawrence. 

Schizoporella  atuiculata Red  and  Mediterranean  Seas  to  Arctic  Ocean;  Gulf  of  St.  Lawrence. 

Schizoporella  sinuosa Northern  Atlantic  and  Arctic  seas;  Gulf  of  St.  Lawrence. 

Cellepora canaliculata Gtdf  of  St.  Lawrence;  off  Halifax. 

Muaonella  pavonella Northern  Atlantic  and  Arctic  seas;  Gulf  of  St  Lawrence,  North  Pacific. 

Smittia  porifera North  Atlantic  and  Arctic  seas;  Gulf  of  St.  Lawrence,  Florida,  South 

Africa,  Australia. 

Porella  propinquli Northern  Atlantic  and  Arctic  seas;  Gulf  of  St.  Lawrence,  Davis  Strait. 

Porella  acutirostris Northern  Atlantic  and  Arctic  seas;  Gtdf  of  St.  Lawrence. 

Porella  ooncinna Arctic  seas  to  Mediterranean;  Greenland,  Gulf  of  St.  Lawrence. 

Rhamphostomella  costata Northern  Atlantic  and  Arctic  seas;  Gulf  of  St.  Lawrence. 

Alcyonidium  parasiticum British  Isles, 

The  following  notes  have  been  furnished  by  Dr.  Osbum  relative  to  diflferences  of 
habitat  displayed  by  different  members  of  the  same  genus: 

CHsia. 

C.  ebumea:  Our  most  familiar  species;  abtmdant  in  shallow  waters,  but  extending  to  the  deepest 
waters  of  the  region. 

C.  cribraria:  Fotmd  only  in  the  outside,  colder  waters. 
Bugula. 

B.  turrita:  Abundant  under  all  conditions  in  the  inner  waters;  less  commdn  in  the  cold  waters  off 
shore,  e.  g.,  at  Crab  Ledge. 

B.  fiabellata:  On  piles  and  in  shallower  waters  down  to  a  few  fathoms;  almost  wholly  confined  to 
adlittoral  zone. 

B.  murrayana:  Abimdant  in  outer  waters  on  stones  and  shells;  not  found  in  inner  waters. 
Membranipora. 

M.  cymbaeformis:  Common  upon  hydroid  and  other  stems  in  outside  waters. 

M.  pilosa:  Common  throughout  our  waters  on  shelb  and  algse;  differing  in  the  form  of  the  zooecia, 
according  to  substratum  occupied. 

M.  unicornis:  On  stones  and  shells  in  outer  waters. 

M.  monostachys:  Throughout  our  waters;  common,  usually  upon  very  smooth  surfaces,  such  as 
inside  of  shells,  on  skate  eggs,  carapace  of  Limulus,  etc .  It  presents  differences  of  form ,  accord- 
ing to  whether  it  grows  in  inner  or  outer  waters. 

M.  tenuis:  Common  upon  stones  and  shells,  but  not  in  shallow  waters  near  shore. 

M.  flemingii:  (Much  as  last). 

M.  aurita:  Common  on  stones,  shells,  and  algae,  at  all  depths. 

M.  tehuelcha:  Only  found  upon  drifting  gulf  weed. 
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Cribiilina. 

C.  punctata:  Common  in  Vineyard  Somid  and  outer  waters,  on  stones  and  shells. 
C.annuiata:  Only  in  outer,  colder  waters. 
Schizoporella. 

S.  unicornis:    Everywhere,  forming  massive  colonies;  less  frequent  in  outside  waters. 

S.  biaperta:  Throughout  our  waters,  forming  flat  colonies  on  stones  and  shells,  or  (more  frequently) 

forming  fanlike  expansions  on  algse,  etc. 
S.  auriculata:  Only  in  outside  waters. 
S.  sinuosa:  Only  in  outside  waters. 
Hippothoa. 

H.  hyalina:  Of  general  distribution  on  algse,  shells,  stones,  etc.;  best  developed  on  stems  of  algse 

and  h3rdroids,  where  it  forms  nodular  crusts. 
H.  divaricata:  Locally,  not  at  all  common  and  found  only  in  the  outer  ^-aters,  though  not  else- 
where restricted  by  temperature. 
Lepralia. 

L.  americana:  Throughout  our  waters  on  stones  and  shells,  especially  in  deeper  waters. 

L.  pallasiana :  On  stones,  shells,  piles,  and  eel  grass;  of  general  occurrence,  but  more  frequent  in 

shallow  waters. 
L.  pertusa:  Of  general  distribution;  most  common  on  shells  and  pebbles. 
Mucnmella. 

M.  peachii :  Occasional  in  Sound  and  in  outside  waters,  forming  flat  crusts  on  stones  and  shells. 
M.  pavonella :  In  outside  waters  only,  forming  flat  colonies  upon  stones  and  shells,  or  rising  into  fan- 
like expansions  on  stems  of  hydroids,  etc. 
Smittia.  ^ 

S.  trispinosa  nitida:  Of  very  general  occurrence,  growing  upon  all  sorts  of  objects,  and  forming 

massive  nodular  crusts  on  stones  and  shells. 
S.  ponfera:  In  outer  waters,  on  stones  and  shells;  smaller  colonies  sometimes  taken  in  inner  waters. 
Cellepora. 

C.  americana:  Of  general  distribution  on  stems  of  hydroids  or  alge,  forming  nodules  or  irregular 


C.  canaliculata:  In  outside  waters,  forming  rounded,  pisiform  colonies  on  stems  of  hydroids,  etc. 
Alcyonidium. 

A.  verrilli:  Western  end  of  Vineyard  Sound;  erect  and  branching. 

A.  parasiticum :  In  outside  waters,  incrusting  stems  and  stones;  argillaceous  matter  combined  in 
zoarium. 

A.  m3rtili:  In  various  situations  in  inside  waters,  incrusting,  not  argillaceous. 
Bowerbankia. 

B.  gracilis  and  its  \iariety  caudata:  Creeping  over  stems  of  other  organisms,  or  upon  piles;  occurring 

together. 
Hippuraria. 

H.  armata:  Of  general  occurrence;  creeping  upon  stems,  etc.,  or  erect. 
H.  elongata:  Commensal  in  branchial  chamber  or  on  carapace  of  Crustacea. 

The  following  list  comprises  the  Br>^ozoa  collected  by  us  in  the  course  of  the  Survey 
dredging.  A  considerable  number  of  these  species  were  not  taken,  however,  at  any  of  the 
regular  (numbered)  stations,  and  a  good  many  have  been  recorded  only  from  outlying 
points,  such  as  Crab  Ledge  or  the  shoals  to  the  east  of  Nantucket.  Those  species  which 
were  taken  at  lo  or  more  of  the  stations  in  Vineyard  Sound  and  Buzzards  Bay  are,  as 
usual,  designated  by  an  asterisk. 


Pedicellina  cemua. 
Barentsia  major. 
Barentsia  discreta. 
*Crisia  ebumea  (chart  27). 
Crisia  cribraria. 


*Tubulipora  liliacea  (chart  28). 
Tubulipora  atlantica. 
Tubulipora  flabellaris. 
Stomatopora  diastopofoides. 
Lichenopora  verrucaria. 


Digitized  by 


Google 


BIOUX;iCAI,  SURVEY  OF  WOODS  HOLB  AND  VICINITY. 


109 


*JBtMi  anguina  (chart  29). 

Gemellaria  loricata. 

Scruparia  clavata. 

Cellularia  peachii. 

Menipea  temata. 

Scrupocellaria  scabra. 

Caberea  ellisii. 
*Bicellaria  ciliata  (chart  30). 
*Bugiila  turrita  (chart  31). 

Biigula  gracilis  tmcinata. 

Bugula  cucullifera. 

Bugula  flabellata. 

Bugula  murrayana. 

Membranipora  cymbseformis. 
*Membranipora  pilosa  (chart  32). 

Membranipora  cratictda. 

Membranipora  lineata. 

Membranipora  unicornis. 
*Membranipora  monostachys  (chart  33). 
'Membranipora  tenuis  (chart  34). 
*Membranipora  flemingii  (chart  35). 
*Membranipora  aurita  (chart  36). 

Membranipora  arctica. 

Membranipora  arctica  armifera. 
*Cribrilina  punctata  (chart  37). 

Cribrilina  annulata. 

Porina  tubulosa. 

Bficroporella  ciliata. 

Bficn:^)orella  ciliata  stellata. 
^Schizoporella  unicornis  (chart  38). 
*Schi20porella  biaperta  (chart  39). 

Referring  to  the  21  commoner  species,  it  has  not  been  found  possible  to  distinguish 
the  majority  of  them,  according  to  their  range,  as  predominantly  northern  or  southern. 
This  results  partly  from  the  fact  that  so  many  of  the  Bryozoa  are  surprisingly  cosmo- 
politan in  their  distribution,  partly  from  the  fact  that  our  knowledge  of  their  distribu- 
tion in  American  waters  is  so  meager.  In  a  conaderable  number  of  instances  it  would 
appear  from  the  few  American  records  at  our  disposal  that  a  species  was  predominantly 
northern  or  southern  in  its  distribution,  when  reference  to  foreign  records  show^  that 
such  is  not  the  case.  Even  those  few  species  which  we  have  here  distinguished  as  pre- 
dominantly northward  or  southward  ranging  are  so  designated  in  a  purely  tentative  way. 

Predominantly  northern, 

Tubulipora  liliacea Labrador  to  Long  Island  Sound. 

Bicellaria  ciliata Northward  on  our  coast  to  the  Gulf  of  St.  Lawrence. 

Membranipora  flemingii Greenland  to  Vineyard  Sotmd  (recorded  from  Adriatic). 

Cribrilina  punctata Northward  on  otu*  coast  to  Gulf  of  St.  Lawrence. 

Predominantly  southern, 

Bugula  turrita Casco  Bay  to  Florida. 

Membranipora  monostachys Nantucket  Sound  to  Beaufort,  N.  C 

Membranipora  tenuis Same  as  last. 

Hippuraria  armata Same  as  last 

Three  of  the  four  last  named  species  are  ones  which  have  only  been  listed  from 
American  waters. 


Schizoporella  auriculata. 

Schizoporella  sinuosa. 
*Hippothoa  hyalina  (chart  40). 

Hippothoa  divaricata. 
*Cellepora  americana  (chart  41). 

Cellepora  canaliculata. 
*Lepralia  americana  (chart  42). 
*Lepralia  pallasiana  (chart  42). 
*Lepralia  pertusa  (chart  43). 

Lepralia  serrata. 

Mucronella  ventricosa. 

Mucronella  peachii. 

Mucronella  pavonella. 

Smittia  trispinosa. 
^mittia  trispinosa  nitida  (chart  44). 

Smittia  porifera. 

Porella  propinqua. 

Porella  acutirostris. 

Porella  concinna. 

Porella  proboscidea. 

Rhamphostomella  bilaminata. 

Rhamphostomella  costata. 

Rhamphostomella  ovata. 

Alcyonidium  verrilli. 

Alcyonidium  parasiticum. 

Alcyonidium  mytili. 
*Bowerbankia  gracilis  (chart  45). 

Bowerbankia  gracilis  caudata. 

Anguinella  palmata. 
*Hippuraria  armata  (chart  46). 
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Of  very  iptde  ranpe  in  both  directions. 

Crisia  eburnea Labrador  to  Florida  (cosmopolitan). 

i!Stea  anguina Cosmopolitan;  upon  our  coast  recorded  from  points  as  far  south  as  Beau* 

fort,  N.  C. 

Membranipora  pilosa Greenland  to  Beaufort,  N.  C.  (cosmopolitan). 

Schizoporella  unicornis Greenland  to  Florida  (Europe  and  Africa). 

Schizoporella  biaperta Greenland  to  Florida  (Spitzbergen,  Algiers,  etc.). 

Hippothoa  Hyalina Greenland  to  Florida  (cosmopolitan). 

Lepralia  pertusa Greenland  to  Florida  (cosmopolitan). 

Position  doubtful,  owing  to  insufficiency  of  data, 

Membranipora  aurita Not  previously  recorded  from  America. 

(2ellepora  americana (?) 

Lepralia  pallasiana Perhaps  northern. 

Lepralia  americana Known  only  from  a  small  section  of  our  coast. 

Smittia  trispinosa  nitida Known  from  only  a  small  section  of  our  coast  (also  Australia). 

Bowerbanlda  gracilis  caudata  . .  Known  only  from  a  small  section  of  our  coast 

Thus  a  considerable  majority  of  these  species  have  either  an  almost  mirestricted 
range  in  latitude,  or  a  range  of  doubtful  extent.  Four  have  been  classified  as  predomi- 
nantly northern  and  an  equal  number  as  predominantly  southern.  If,  however,  our 
calculations  had  been  based  upon  the  entire  list  of  local  Bryozoa,  including  the  many 
species  (p.  io6,  107)  which  were  listed  only  from  outlying  points,  we  should  have  been 
led  to  regard  our  bryozoan  fauna  as  being,  on  the  whole,  preponderatingly  northern  in 

its  character. 

6.  ECHINODERMATA. 

This  phylum  is  represented  in  local  waters  by  only  24(4-1?)  known  species.  Of 
these,  6  belong  to  the  Asteroidea,  6  to  the  Ophiuroidea,  4  to  the  Echinoidea,  and  8  (+ 1  ?) 
to  the  Holothuroidea.  Eighteen  of  these  species  appear  in  the  dredging  records  of  the 
Survey,  as  follows:  Asteroidea,  6;  Ophiuroidea,  5;  Echinoidea,  3;  Holothuroidea,  4. 
Data  relating  to  several  other  species  have,  however,  been  furnished  by  various  of  our 
Woods  Hole  collectors.  The  other  records  for  local  echinoderms  are  based  mainly  upon 
the  published  statements  of  Verrill  and  of  H.  L.  (3ark.  In  the  classification  adopted 
by  us  we  have  followed  Dr.  Clark.  To  this  authority  we  are  indebted  for  the  identifi- 
cation of  many  specimens,  as  well  as  for  the  criticism  of  those  portions  of  our  manu- 
script which  relate  to  the  Echinodermata. 

Verrill  and  Smith  (1873)  listed  19  species  of  echinoderms  for  Vineyard  Sotmd  and 
adjacent  waters.  Among  these  were  comprised  5  species  belonging  to  the  Asteroidea,* 
4  to  the  Ophiuroidea,  4  to  the  Echinoidea,  and  6  to  the  Holothiwoidea.  To  these  must 
be  added  i  holothurian  (Molpadia  oolitica),  which  was  included  doubtfully,  and  i 
ophiuran  (Ampkiura  abdita),  which  was  reported  by  Verrill  only  from  Long  Island 
Sound,  but  which  has  since  been  fotmd  in  Vineyard  Sound  and  Buzzards  Bay.  Disre- 
garding the  holothurian  just  mentioned,  all  of  the  species  listed  by  Verrill  for  these 
waters  have  been  taken  by  subsequent  collectors. 

Except  in  one  questionable  case,  our  dredging  operations  have  added  no  species 
to  the  known  fatma  of  the  region.    This  exception  is  the  brittle  star  just  referred 

a  One  of  these,  it  is  true  {"Asttrias  arenicMa  Stimpton'*),  is  not  now  regarded  as  a  distinct  spcdes,  but  is,  as  Venill  hliD- 
self  thought  likely,  identical  with  A.  forbesi.  The  name  "green  starfish."  by  which  Verrill  repeatedly  refers  to  this  speckt» 
is  certainly  a  misnomer,  so  far  as  our  local  specimens  are  concerned. 
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to  {Amphioplus  abdiia  (Verrill)),  which  was  taken  at  about  the  same  time  by  Mr.  G.  M. 
Gray  and  by  our  own  collectors  on  the  Fish  Hawk,  and  has  since  been  dredged  by  us 
on  several  occasions.**  It  appears,  indeed,  that  this  species  is  not  uncommon  in  local 
waters,  and  the  same  has  proved  to  be  true  of  the  holothurian  Caudina  arenaia,  which 
was  previously  regarded  as  very  rare  locally. 

Reference  to  the  comparative  table  on  page  88  shows  that  the  phylum  of  Echino- 
dermata  is  very  poorly  represented  in  the  Woods  Hole  region,  as  compared  with  each  of 
the  other  localities  which  have  been  considered.  For  the  phylum  as  a  whole  we  have 
the  following  figures:  Woods  Hole,  24(-h  i  ?);  Eastern  Canada,  71 ;  Plymouth,  36;  Irish 
Sea,  35;  Triest,  37. 

In  the  case  of  the  Asteroidea  and  Ophiuroidea  in  particular,  these  figures  are  uni- 
formly higher  for  the  other  stations  than  for  Woods  Hole.  Again,  our  own  list  is  the 
only  one  among  them  which  is  completely  lacking  in  crinoids,  for  even  Aniedon  has  not 
thus  far  been  met  with  in  our  waters. 

Fourteen  of  our  24  echinoderms  are  common  to  Whiteaves's  list  for  eastern  Canada, 
while  only  2  (perhaps  only  i)  are  common  to  the  Plymouth  list. 

In  making  any  comparisons  between  these  faunal  lists,  the  usual  allowance  must  be 
made  for  the  widely  different  areas  to  which  they  relate,  as  well  as  to  the  widely  different 
ranges  in  depth.  Comparisons  with  Plymouth  or  with  Trieste  appear  to  be  much  fairer 
than  with  either  of  the  other  regions,  so  far  as  area  is  concerned. 

The  average  number  of  species  of  echinoderms  dredged  at  the  458  regular  stations 
of  the  Survey  was  1.9.  The  species  which  was  encountered  with  greatest  frequency  was 
Asterias  forhesi,  which  was  recorded  from  206  of  the  stations.  The  only  ones  which 
were  recorded  from  as  many  as  one-fourth  of  the  total  number  of  stations  are: 

Number  of  stations. 

Asterias  forbesi 206 

Kchinaraclinitis  parma 170 

Arbacia  punctulata 156 

Henricia  sangtiinolenta 118 

Owing  to  the  comparatively  large  size  of  most  members  of  this  phylum,  and  to  the 
very  limited  number  of  species  which  occur  in  local  waters,  it  seems  likely  that  our  list 
of  echinoderms  is  particularly  complete.  If  additions  are  made  subsequently,  it  will 
probably  be  among  the  ophiuroids  and  the  holothurians,  some  of  which  are  of  small 
size  and  given  to  burrowing  or  to  concealment  in  crevices  of  stones,  etc.  It  is  likely,  too, 
that  our  dredging  records  for  this  group  are  fairly  free  from  errors  of  omission  or  con- 
fusion of  one  species  with  another.  Reference  should  be  made,  however,  to  certain 
mistakes  of  identification,  which  we  believe  to  have  been  made  at  first. 

(i)  It  is  probable  that  during  the  early  days  of  the  work  the  younger  specimens  of 
Asterias  vulgaris  and  A .  forbesi  were  sometimes  confused  in  the  field.  So  far  as  this  con- 
fusion may  relate  to  Vineyard  Sound,  the  results  can  not  be  serious,  since  our  later  and 
more  accurate  exploration  of  the  Soimd  has  shown  that  both  species  occur  throughout 
practically  its  entire  length.  As  regards  Suzzards  Bay,  specimens  of  Asterias  vtUgaris 
were  recorded  from  five  stations  within  its  interior,  which  it  has  been  decided  to  leave  out 
of  consideration  in  plotting  the  distribution  chart  for  this  species.    The  records  have, 

•  See  Claxk.  in  Science.  Jan.  24. 1908.  and  Smnner.  in  American  Naturalist,  May.  1908.  According  to  Dr.  Clark,  Mr.  Gray 'a 
specimen  was  taken  in  August,  1907  (exact  date  no4  stated).  Our  own  first  spedmen  was  dredged  on  Aug.  6, 1907.  Here,  then, 
is  a  most  perplexing  question  of  priority! 
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however,  been  retained  in  the  list  of  stations  for  this  starfish,  as  given  in  our  catalogue, 
though  their  doubtful  nature  has  been  indicated.  Supplementary  dredgings  were 
made  in  Buzzards  Bay  during  two  subsequent  seasons,  partly  for  the  purpose  of 
testing  this  feature  in  the  distribution  of  Asierias  vulgaris.  Out  of  a  total  of  nearly 
60  stations,  starfishes  of  this  genus  were  recorded  for  11.  These  were  in  all  cases 
assignable  to  Asierias  forbesi,  with  the  exception  of  a  few  small  specimens  of  A, 
vulgaris  taken  at  two  stations  situated  near  the  island  shores  and  not  far  from  the 
mouth  of  the  Bay.  Accordingly  we  regard  the  occurrence  of  the  latter  species  in  the 
interior  portions  of  Buzzards  Bay  as  being  extremely  doubtfuL 

(2)  Doubt  has  been  cast  upon  our  earliest  field  identifications  of  the  ophiuroids. 
For  this  reason,  it  has  been  regarded  as  fairer  to  bring  together  the  records  for  the  first 
year,  except  such  as  are  based  upon  authoritative  determinations,  under  the  heading 
"  ophiuroids  unidentified/'  Such  specimens  were  probably  in  most  cases  referable  to  the 
species  Amphipholis  squamata. 

Distribution  charts  have  been  plotted  for  seven  species  of  echinoderms  (charts 
47  to  53). <*  It  will  be  seen  at  a  glance  that  only  two  of  these  species  {Asterias  forbesi  and 
Arbada  punctulaia)  were  encountered  with  any  frequency  in  Buzzards  Bay,  while  of 
these  two  the  former  alone  was  generally  distributed  throughout  the  central  portions 
of  the  Bay.  Arbacia  and  certain  other  species  (notably  Henrida)  were  found  to  be 
largely  restricted,  in  Buzzards  Bay,  to  the  immediate  neighborhood  of  land.  For  these 
facts,  as  for  similar  ones  already  discussed  in  our  treatment  of  other  groups,  we  believe 
that  the  character  of  the  bottom  is  chiefly  re^xmsible.  Most  of  otu*  commoner  local 
echinoderms  prefer  bottoms  of  gravel  or  sand  to  ones  of  mud.  To  this  statement,  it  is 
true,  exceptions  are  offered  by  some  of  the  hobthurians  and  ophiuroids. 

From  the  table  on  page  79  it  will  be  seen  that  the  average  number  of  species  of 
echinoderms  per  dredge  haul,  taken  upon  bottoms  of  gravel  and  stones,  is  2.2;  that  for 
sandy  bottoms  being  2.0,  and  that  for  muddy  bottoms  being  only  1.2.  The  different 
classes,  however,  do  not  agree  in  these  preferences.  The  figures  both  for  holothuroidea 
and  ophiuroidea  are  greatest  for  muddy  bottoms;  but,  owing  to  their  infrequent  occur- 
rence in  the  dredge  hauls,  they  do  not  seriously  affect  these  averages. 

The  relative  wealth  of  the  echinoderm  fauna  upon  different  types  of  bottom  is 
shown  in  another  way  by  an  enumeration  of  the  species  which  were  taken  in  one-fourth 
or  more  of  the  dredge  hauls  made  upon  bottoms  of  each  type  (p.  70,  71).  In  the  list 
for  sandy  bottoms  are  comprised  2  asteroids  and  2  echinoids;  in  that  for  gravelly  and 
stony  bottoms,  2  asteroids  and  i  echinoid;  in  that  for  muddy  bottoms,  a  ^gle  asteroid 
and  no  echinoids.  Similarly,  3  asteroids  and  2  echinoids  appear  in  the  list  of  species 
(p.  65)  taken  at  one-fourth  or  more  of  the  Fish  Hawk  stations  in  Vineyard  Sound,  while 
only  I  asteroid  and  no  echinoids  appear  in  the  corresponding  list  for  Buzzards  Bay.  The 
lists  for  the  Phalarope  stations  in  the  two  bodies  of  water  do  not  show  as  g^eat  differ- 
ences, since  the  conditions  in  the  "adlittoral"  region  are  more  nearly  similar  throughout, 
but  the  preponderance  is  nevertheless  somewhat  in  favor  of  Vineyard  Sound. 

A  species  which  is  restricted  more  than  any  other  to  bottoms  of  pure  sand  *  is  the 
"sand  dollar,"  Echinarachnius  parma.    Character  of  the  bottom,  rather  than  tempera- 

a  In  the  case  of  the  charts  for  shell-bearing  organisms,  Uw  occurrence  oC  living  specimens  at  a  given  station  has  been  indicated 
by  a  circle  surrounding  the  sUr.  Among  the  echinoderms  this  practice  has  been  followed  only  in  the  case  of  the  two  tea  urchins. 
Arbacia  and  Strongylocentroius.  these  being  the  only  ones  which  would  be  likely  to  leave  behind  enduring  remains.  It  baa 
been  assumed  for  these  two  that  all  the  field  records  relate  to  living  specimens  unless  the  contrary  is  expressly  stated; 

h  The  dead  tests  are  of  more  general  occurrence,  owing  probably  to  the  fact  that  they  may  be  drifted  by  tidal  currents. 
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ture,  is  probably  responsible  for  the  greater  prevalence  of  this  species  in  the  western 
half  of  Vineyard  Sound,  where,  as  we  have  pointed  out  elsewhere,  certain  typical  sand- 
dwelling  species  find  their  most  congenial  habitat. 

On  the  other  hand,  certain  less  frequent  species  (not  among  those  charted)  were 
dredged  chiefly  upon  muddy  bottoms,  Particularly  worthy  of  mention  is  the  holo- 
thurian  Caudina  arenata,  which  was  taken  by  us  seven  times  in  Buzzards  Bay  and  only 
once  in  Vinejrard  Sound. 

The  part  played  by  temperature  in  determining  distribution  is  rather  strikingly 
illtistrated  by  some  members  of  our  echinoderm  fauna.  The  local  distribution  of  the 
two  commoner  species  of  Asterias  is  quite  in  keeping  with  what  we  know  of  the  ranges 
of  these  two  forms  upon  our  coast.  A  glance  at  charts  48  and  49  shows  us  that  whereas 
Asterias  forbesi  has  a  practically  unrestricted  distribution  in  local  waters.  A,  vulgaris, 
on  the  contrary,  is  most  prevalent  in  the  colder  portion  of  Vineyard  Sound.  Indeed, 
there  is  seen  to  be  a  progressive  concentration  of  the  distribution  symbob  as  we  pass 
from  the  eastern  to  the  western  end  of  the  Sound,  while  in  the  Bay  the  records  are  con- 
fined to  the  neighborhood  of  the  open  ocean.  It  is  likewise  worth  noting  in  this  con- 
nection that  the  latter  species  was  recorded  from  all  seven  of  our  regular  dredging 
stations  at  Crab  Ledge,  while  Asterias  forbesi  was  recorded  but  once. 

As  stated  by  Clark,  the  range  of  the  latter  species  upon  our  coast  is  from  ''Maine  to 
the  Gulf  of  Mexico,"  but  it  is  said  to  be  '*rare  or  local  north  of  Gape  Ann."  It  is  pri- 
marily a  shallow  water  form,  which  does  not  appear  to  pass  beyond  depths  of  25  or  30 
fathoms.  A,  vulgaris,  on  the  other  hand,  ranges  from  Labrador  to  Cape  Hatteras, 
though  it  is  "rarely  seen  in  shallow  water  *  *  *  south  of  the  Woods  Hole  region." 
It  is  recorded  from  depths  as  great  as  358  fathoms. 

Such  natural  expectations  as  to  distribution  in  local  waters  are  not,  however, 
realized  in  the  case  of  another  starfish,  Henricia  sanguinolenia.  This  species,  also,  is 
listed  as  "littoral  only  as  far  south  as  the  Woods  Hole  region,"  while,  to  the  northward, 
it  extends  to  Greenland.  The  dredging  records  show  it  to  be  abundant  throughout 
the  length  of  Vineyard  Sound  and,  indeed,  to  be  rather  commoner  in  the  eastern 
(warmer)  half.  It  is  likewise  rec6rded  from  scattered  stations  in  Buzzards  Bay,  even 
well  toward  its  head.  For  this  species,  then,  temperature  seems  to  be  a  minor  factor  in 
determining  the  distribution  in  local  waters. 

Of  considerable  interest  are  the  relative  distributions  of  our  two  local  sea  urchins, 
Arbacta  puncttUaia  and  Strongylocentrotus  droebachiensis.  The  former  species  appears 
to  be  of  general  occurrence  throughout  Vineyard  Sound,  except  for  the  portion  adjoining 
the  open  ocean.  In  Buzzards  Bay  it  occurs  as  far  as  the  upper  end,  but  it  seems  here 
to  be  restricted  largely  to  the  vicinity  of  land.  Strongylocentrotus,  on  the  other  hand, 
occurs  in  greatest  abundance  in  the  western  portion  of  Vineyard  Sound,  though  occa- 
sional specimens  have  been  taken  as  far  eastward  as  West  Chop.  In  Buzzards  Bay  it 
is  found  only  near  the  extreme  lower  end.  Again,  Strongylocentrotus  was  taken  at  all 
seven  of  the  stations  at  Crab  Ledge,  while  Arb€u:ia  was  not  found  there  once.  The 
latter  species  occurs  locally  at  all  depths,  even  up  to  the  low-water  mark.  The  former 
species,  on  the  other  hand,  is  rarely  if  ever  taken  at  such  slight  depths,  except  in 
northern  waters.**    We  have  very  few  records  of  its  occurrence  in  less  than  5  fathoms, 

a  VeiriU.  it  btnie,8totc8  that  Uiis  species  occurs ''at  low  water  on  Uie  outer  rocky  shores.''    This  can  not  be  a  common  occur- 
rence locally,  however. 

16269**— Bull.  3i»  pt  I— 13 8 
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and  in  the  great  majority  of  cases  (72  per  cent)  it  was  taken  at  depths  greater  than  10 
fathoms.* 

Comparing  the  range  of  these  two  species  upon  our  coast,  we  find  that  Arbacia  is 
said  to  occur  from  ''Nantucket  Shoals  and  Woods  Hole  to  west  Florida  and  Yucatan" 
(Clark),  i.  e.,  our  region  lies  at  its  northern  limit  of  distribution.  The  range  of  Sirongy- 
locentrotus,  on  the  other  hand,  is  said  to  be  "drcumpolar;  southward  in  the  western 
Atlantic  to  New  Jersey  (not  in  shallow  water  south  of  Cape  Cod)." 

That  Arbacia  is  not  adapted  to  enduring  temperatures  lower  than  those  generally 
prevailing  in  our  local  waters  during  the  winter  months  is  indicated  by  the  fact  that  a 
large  proportion  of  these  urchins  seem  to  have  been  exterminated  in  Vineyard  Sound 
during  the  winter  of  1903-4.  This  winter  was  an  extremely  severe  one,  the  ice  being 
greater  in  quantity  and  lasting  longer  than  for  many  years  previously.  Even  Woods 
Hole  passage,  where  the  tidal  currents  are  extremely  swift,  was  frozen  over  so  firmly 
that  Mr.  Vinal  Edwards  accomplished  the  astonishing  feat  of  walking  over  to  Nona- 
messet  Island.  Reference  to  the  temperature  tables  for  the  Woods  Hole  station  (p.  47) 
shows  that  the  mean  water  temperature  for  January  and  February,  1904,  was  29.3**  F., 
as  compared  with  32.3°,  the  mean  of  these  two  months  for  the  other  four  years  comprised 
in  the  table. 

Now  the  sudden  and  extreme  scarcity  of  Arbacia  in  Woods  Hole  Harbor  and  else- 
where in  the  summer  of  1904  was  noted  by  local  collectors  generally,  and  we  are  informed 
by  the  curator  of  the  Marine  Biological  Laboratory,  Mr.  George  M.  Gray,  that  this 
species  did  not  for  several  years  resume  anything  like  its  former  abundance  in  local 
waters.^ 

Fortunately  we  are  in  possession  of  definite  data  on  this  subject,  based  upon  a 
comparison  of  our  dredging  records  for  the  summers  of  1903  and  1904.  As  has  been 
stated  on  page  55,  a  considerable  ntunber  of  the  1903  stations  were  repeated  in  the 
following  summer  for  the  sake  of  comparisons  and  verifications.  In  the  two  parallel 
columns  below  we  present  the  records  for  Arbacia,  obtained  during  these  two  seasons, 
in  that  part  of  the  Soimd  (the  eastern  two-thirds)  in  which  the  stations  were  duplicated: 

1903-  1904. 

752  ibis  (fragments  and  spines). 

7522  (many  living).  7522bis  (none). 

7523  (several  living).  7523his  (i  spine). 

7524  (very  abundant,  living).  75a4bis  (none). 
7526  (2). 

7529  (few). 

7530  (abtmdant).  753obis  (none). 

7531  (i  dead).  753 ibis  (few  fragments). 

7532  (many).  7532bis  (few  spines). 

7533  (f€w»  many  spines).  7533l>l«  (i  small  living). 

7534  (numerous).  7534bis  (few  spines). 

7535  (few  shells,  many  spines).  7535l>is  (many  spines). 

7536bis  (many  spines). 
7537  (many,  rather  small).  7537his  (none). 

7538bis  (spines  and  fragmenti). 
7539  (f«w).                                                                   7539hi«  (none). 
754D  (few). 

«  This  defli>ite  the  toct  th«t  hafdly  more  than  a  tbixd  of  our  itedons  wet«  in  waten  as  deep  as  that. 

h  In  X908  and  1909  we  were  able  to  obtain  large  qnaatitks  at  these  urdiins  in  Vinesmrd  Soimd  by  means  ol  tansies. 
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7541  (few). 


1903- 


543  (fragment). 

545  (qumeiotxs  living). 

546  (few  living). 

549  ("many  living). 

550  (fragments). 

551  (few  living). 

552  (few). 

554  (i  small  dead). 

555  (numerous). 

556  (few). 

557  (i  sheU). 

558  (many  living). 

559  (few  living). 

561  (about  3  bushels). 

562  (few  living). 

563  (many  living). 

564  (many  living). 

566  (many  spinas). 

567  (many  spines). 

568  (many  spines). 


1904. 
754ibis  (many  spines). 
7542bis  (several  spines). 
7543bis  (none). 

7545bis  (fragment  of  shell  and  many  spines). 
7546bis  (spines). 

7 547 bis  (several  living  and  fragments). 
7549bis  (few  fragments  and  spines). 
755obis  (few  spines). 
755ibis  (i  living,  several  fragments). 
7552bis  (few  spines). 
7553bis  (few  spines). 
7554bis  (none). 

7556bis  (many  fragments  and  spines). 


7562bis  (none). 

7563bis  (spines  and  fragments). 

7564bis  (many  spines). 


7569bis  (spines). 


Thus  in  1903  the  presence  of  living  specimens  is  expressly  recordecj  in  12  out  of 
36  stations  at  which  Arbacia  occurred,  and  it  is  certain  that  they  were  present  at  many 
of  the  other  stations,  perhaps  in  all  cases  where  the  contrary  is  not  explicitly  stated. 
Such  records  as  "few,"  "many,"  or  "2  bushels"  certainly  refer,  for  the  most  part,  to 
living  specimens.  We  may  state  confidently,  therefore,  that  living  sea  urchins  of  this 
species,  sometimes  in  large  numbers,  were  taken  at  from  one-half  to  two-thirds  of  the 
stations  in  question.  In  1904,  on  the  other  hand,  living  specimens  (never  in  large 
numbers)  were  recorded  from  only  3  of  the  23  stations  at  which  Arbacia  or  its  remains 
were  taken.  In  all  other  cases  the  records  are  for  spines  and  fragments.**  Fiuther- 
more,  this  condition  was  equally  manifest  during  the  succeeding  season.  Stations  7735 
to  7757  (dredged  in  1905)  cover  practically  the  same  region  of  the  Sound  as  stations 
7521  to  7569.  At  these  23  stations  of  the  later  year  spines  (in  one  case  fragments)  are 
recorded  in  12  cases;  in  not  a  single  case  was  a  living  Arbacia  taken.  Reference  to  the 
complete  station  list  for  this  species  shows  that  throughout  the  Sound  as  a  whole  (sta- 
tions 7678  to  7783)  living  specimens  of  Arbacia  were  taken  but  5  times  during  the 
summer  of  1905,  and  that  never  more  than  2  (in  four  cases  a  single  one)  were  taken 
at  one  time.* 

**  The  number  of  records  for  spinei  only  wotild  have  been  s<»newhat  greater,  it  is  true,  during  the  summer  of  1903.  had  the 
sand,  etc.,  brooi^t  up  by  the  dredge,  been  teardted  as  carehtOy  that  year  as  during  subsequent  seasons. 

*  It  is  to  be  noted  in  the  case  of  Sirongyhtrotus,  likewise,  that  a  large  proportion  of  the  later  (1905)  records  (7678  to  7752) 
indicatf  the  presence  of  spmes  and  fragments  only,  while  living  specimens  alone  were  noted  in  1903.  This  last  circumstance 
was,  however,  doubtless  due  in  considerable  measure  to  the  fact  that  the  loose  spines  of  the  green  urchin  were  overlooked  during 
the  first  season  (see  preceding  footnote).  The  absolute  number  of  stations  from  whidi  living  specimens  are  recorded  in  1905 
(countluf  as  living  all  those  not  listed  as  "fragments"  or  "spines")  was  8,  as  compared  with  xo  during  the  summer  of  1903. 
Moreover,  at  4  out  of  5  of  the  "bis"  stations  (1904)  at  whidi  this  species  was  taken  the  records  indicate  living  specimens. 
Thus  it  seems  unlikely  that  Strongyioctntroius  was  unfavorably  affected  during  the  winter  which  wrought  such  havoc  with 
Arbada,  The  same  may  be  said  of  the  "sand  dollar,"  Eckmarackmus,  We  find  no  evidence  of  any  destruct&on  of  this  species 
at  that  time. 
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How  the  severe  cold  prevalent  during  the  winter  under  consideration  could  have 
resulted  in  the  death  of  organisms  dwelling  in  several  (sometimes  mahy)  fathoms  ci 
water  is  difficult  to  see.  With  animals  so  situated  an  actual  freezing  seems  to  be  out 
of  question,  and  the  temperature  to  which  they  were  subjected  on  this  occasion  was 
only  a  few  degrees  lower  than  that  ordinarily  endured  by  them  in  the  winter.  Further- 
more, it  must  be  pointed  out  that  the  peculiarities  in  the  local  distribution  of  Arbacia 
correspond  to  known  differences  in  summer  temperatures,  not  winter  temperatures. 
As  has  been  shown  above  (p.  50),  it  is  likely  that  in  winter  all  our  waters  attain 
practically  the  same  temperature  at  the  coldest  period  of  the  year;  and  indeed  it  b  the 
shallower,  more  inclosed  waters,  such  as  those  frequented  by  Arbacia,  which  are  the 
ones  to  respond  most  quickly  to  the  winter  cold.  Further  consideration  will  be  given 
to  this  subject  in  chapter  v  (p.  177). 

In  addition  to  these  illustrations,  which  have  been  discussed  at  leng^,  we  find 
several  other  instances  among  this  group  of  species  whose  distribution  in  local  waters 
is  certainly  related  to  temperature.  Thus  Asterias  ausiera,  Solaster  endeca,  and  Gor- 
gonocephalus  agassizii,  which  reach  their  southern  limit  of  distribution  in  this  r^^ion, 
have  been  taken  by  us  only  at  Crab  Ledge;  while  Asterias  tenera,  though  recorded  from 
points  as  far  south  as  New  Jersey,  b  predominantly  a  northern  form,  and  locally  b 
only  known  from  outlying  points  such  as  Crab  Ledge  and  Sankaty  Head.  Again  the 
brittle  star  Ophiopholis  aculeata  and  the  peculiar  little  holothurian  Thyone  unisemiiat 
the  first  of  which,  at  least,  is  known  to  be  a  predominantly  northern  form,  have  only 
been  recorded  by  us  from  the  western  end  of  Vineyard  Sound  and  from  Crab  Ledge — 
a  not  unusual  combination,  as  we  have  seen. 

Although  it  is  a  problem  to  what  degree  depth,  as  such,  can  be  r^^rded  as  a  factor  in 
determining  the  dbtribution  of  marine  animals,  we  find  of  course  many  species  which 
appear  to  show  marked  preferences  for  the  deeper  or  the  shoaler  waters  of  the  r^on. 
Among  the  echinoderms,  it  has  already  been  pointed  out  that  tl^e  sea  urchin  Strongylo- 
centrotus  occurs  in  Vineyard  Sound  chiefly  at  depths  of  10  fathoms  or  more.  The  same 
is  true  to  a  less  extent  of  Asterias  vulgaris.^  Now  both  of  these  have  already  been 
mentioned  as  northern  forms,  which  are  restricted  in  large  measure  to  the  colder  waters 
of  the  region.  Their  avoidance  of  the  shoaler  waters  near  land  b  probably  dependent 
upon  their  preference  for  lower  temperatures. 

Some  of  our  local  holothurians  have  a  converse  typ^  of  dbtribution;  i.  e.,  they 
show  a  decided  preference  for  extremely  shallow  waters.  To  what  degree  thb  fact  b 
related  to  temperature,  and  to  what  degree  it  depends  upon  the  character  of  the  bottom, 
in  which  they  burrow,  need  not  be  considered  here.  One  of  thb  group,  Thyone  briareus, 
was  dredged  by  us  several  times  but  never  far  from  land,  and  its  more  characteristic 
habitat  b  probably  in  waters  which  are  not  accessible  to  the  dredge  at  all. 

The  following  is  a  Ibt  of  the  echinoderms  which  were  taken  by  us  in  the  course  of 
the  Survey  dredging.  The  asterisk  denotes  as  usual  those  species  which  were  encountered 
at  10  or  more  stations  in  Vineyard  Sound  and  Buzzards  Bay,  and  for  which,  consequently, 
dbtribution  charts  have  been  plotted. 

a  To  a  certain  desree  Hemicia  sanffuinoUnSa  is  more  prevatent  in  the  deeper  waters.    Only  7  per  cent  of  our  records  for  this 
species  are  from  dei>ths  less  than  5  fathoms,  although  34  per  cent  of  all  our  stations  were  at  depths  not  exceeding  that  figure. 
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Solaster  endeca. 
*Hexiricia  sanguinolenta  (chart  47). 

Asteiias  austera. 
^Asterias  forbesi  (chart  48). 

Asterias  tenera. 
*A8terias  vulgaris  (chart  49). 

Ophiodenna  brevispina. 

Ophiopholis  aculeata. 
*Amphipholis  squamata  (chart  50). 


Amphioplus  abdita. 

Goi^gonocephalus  agassizii. 
*Strongylocentrotus  droebachiensis  (chart  51). 
*Arbacia  ptmctulata  (chart  52). 
*Echinarachnltis  parma  (chart  53). 

Cucumaria  pulcherrima. 

Thyone  briareus. 

Thyone  imisemita. 

Caudina  arenata. 


Considering  the  7  more  prevalent  species  of  local  echinoderms,  we  may  group 
them,  as  usual,  according  to  their  range  upon  our  coast,  as  predominantly  northern  or 
southern.    The  distributions  here  stated  are  those  given  by  Clark. 

Predominantly  northern. 

Henrida  sanguinolenta "Greenland  and  Labrador  to  Connecticut,  off  New  Jersey  and  even 

CapeHatteras." 
Asterias  vulgaris "Labrador  to  Cape  Hatteras;  but  south  of  the  Woods  Hole  region 

rarely  seen  in  shallow  water." 
Strongylocentrotus  droebachiensis .  ."Circumpolar;  southward  in  the  western  Atlantic  to  New  Jersey 

(not  in  shallow  water  south  of  Cape  Cod)." 

*  Predominantly  southern. 

Asterias  forbesi "  Maine  to  the  Gulf  of  Mexico,  rare  or  local  north  of  Cape  Ann. " 

Arbacia  punctulata "  Nantucket  Shoals  and  Woods  Hole  to  West  Florida  and  Yucatan. " 

Of  uncertain  position, 

Amphipbolis  squamata Arctic  Ocean  to  West  Indies  and  South  America.    (Australia; 

Mediterranean  Sea.) 
Hchinarachnius  parma On  our  coast,  from  Labrador  to  New  Jersey  (also  Red  Sea). 

It  is  obvious  that  no  fair  opinion  can  be  formed  regarding  the  zoogeographical 
position  of  our  local  echinoderms  from  a  consideration  of  these  few  species.  According 
to  Clark,  5  of  the  6  true  starlSshes  of  the  region  are  northern,  though  the  Asteroidea 
are  the  only  group  which  show  this  preponderance  of  northern  forms. 

7.  ANNULATA  AND  SIPUNCUUDA. 
ANNULATA. 

Of  the  Annulata  proper  148  determined  species  are  recorded,  to  which  number 
must  be  added  4  undetermined  species  and  a  few  others  which  are  doubtfully  to  be 
included  in  this  list.  These  species  represent  109  genera  and  40  families.  Of  the  total 
number  of  species  recorded,  83,  or  more  than  50  per  cent,  were  taken  during  our  own 
dredging  operations;  46  others  are  recorded  for  local  waters  on  the  authority  of  persons 
who  have  participated  in  the  work  of  the  Survey,  while  30  species  are  included  wholly 
on  the  authority  of  published  statements.  The  great  majority  of  the  segmented  worms 
here  recorded  belong  to  the  subclass  Polychaeta,  of  which  about  135  species  have  been 
fisted  for  the  region.  In  addition  to  these,  however,  are  1 1  species  of  Oligochaeta  and 
4  of  the  Hirudinea. 

Only  a  single  new  species  (Arabella  s pint f era  Moore)  has  been  described  from  speci- 
mens taken  during  the  Survey  dredging.  A  number  of  species  hitherto  unrecorded 
locally  have,  however,  been  added  to  the  known  fauna  of  the  region.  Such  are  Myxicola 
steenstrupii,  Pista  intermedia,  Polycirrus  phosphoreus,  Spiochceiopterus  oculaitis,  Spirorbis 
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tubaformis,  and  some  or  all  of  the  following:^  Ampkikite  cirraia,  Chatinoponui  green 
landica,  Cirratulus  ctrrcUus,  Qycera  capitata  and  PraxUella  zonalis. 

Verrill  and  Smith  (1873)  listed  70  determined  species  of  Annulata  from  specified 
localities  lying  within  the  limits  of  our  region,  and  some  5  others  whose  range,  as  stated, 
would  include  Woods  Hole  and  vicinity.  Our  present  list  thus  comprises  about  twice  as 
many  representatives  of  this  phylum  as  were  catalogued  for  the  region  in  the  "Report 
upon  the  Invertebrate  Animals  of  Vineyard  Sound."  More  than  20  other  determined 
species,  however,  were  recorded  at  that  time  by  Verrill  for  adjacent  portions  of  the  Atlantic 
coast;  while  in  later  papers  he  added  many  more  to  the  fauna  oi  the  Woods  Hole  region 
itself.  Most  of  those  species  of  our  own  list  which  are  not  comprised  within  the  various 
papers  of  Verrill  have  been  recorded  upon  the  authority  of  Dr.  J.  P.  Moore,  who  has 
devoted  some  years  to  a  s)rstematic  study  of  the  Woods  Hole  Polychaeta.  Some  <rf 
these,  as  above  stated,  were  first  taken  during  the  survey  dredging  operations,  while  a 
yet  greater  number  were  collected  independently  by  Dr.  Moore  before  the  latter  opera- 
tions were  commenced.  It  is  understood  that  Dr.  Moore  has  noted  the  occurrence  oi 
a  ntunber  of  species  which  are  not  included  in  this  report,  but  these  records  are  unfor- 
tunately not  available  at  present.  Except  in  the  case  of  certain  familiar  and  easily 
determined  forms,  all  of  the  annelids  from  the  dredging  collections  were  identified  by 
the  last-named  zoologist,  to  whom  we  are  likewise  indebted  for  the  revision  of  our  check 
list  of  species.  This  authority  is  also  responsible  for  the  terminology  adopted,  though 
not,  of  course,  for  all  the  statements  in  the  text. 

Our  list  of  Annulata  considerably  exceeds  that  given  by  Whiteaves  for  eastern 
Canada.  Of  the  105  Polychaeta  comprised  in  the  latter  catalogue,  29,  or  somewhat 
more  than  one-fourth,  appear  to  be  common  to  the  Woods  Hole  region.  None  of  the 
other  groups  of  segmented  worms  have  been  considered  by  Whiteaves. 

The  total  number  of  annelids  listed  in  the  Pl3rmouth  catalogue  is  surprisingly  near 
to  that  in  our  own.  The  number  of  Polychaeta  is  somewhat  greater  (148)  in  the  former; 
the  number  of  Oligochaeta  being  smaller  (only  3).  Of  the  Plymouth  Annulata,  10  of  the 
Polychaeta  and  i  of  the  Oligochaeta  appear  to  be  common  to  Woods  Hole. 

Herdman  has  listed  9o(-l-2?)  members  of  this  phylum  for  the  Irish  Sea;  while 
Graeffe  records  142  species  for  the  Gulf  of  Trieste. 

Certain  defects  of  method  must  be  taken  into  account  itf  judging  of  the  complete- 
ness of  our  dredging  records  for  the  annelids.  As  is  well  known,  a  large  proportion  of 
the  species  burrow  in  the  sand  or  mud,  in  some  cases  quite  deeply.  When  disturbed, 
they  retreat  hastily  from  the  surface.  In  order  to  obtain  such  forms  without  mutila* 
tion,  or  in  many  cases  even  to  obtain  fragments  of  them,  it  is  necessary  to  dig  deeply 
into  the  soil.  Dredges  such  as  tho^  employed  in  the  present  work  removed,  at  best, 
but  a  few  inches  from  the  surface  of  the  mud  and  sand,  giving  the  burrowing  worms  an 
ample  opportunity  to  escape. 

An  impressive  instance  of  the  incompleteness  of  our  records  for  some  of  these  bur- 
rowing annelids  is  furnished  by  the  case  of  Diopdtra  cuprea.  This  species,  as  i^  well 
known,  constructs  a  parchment-like  tube,  extending  down  some  feet  into  the  ground. 
The  terminal,  exposed  portion  of  the  tube  is  reinforced  by  any  small  bits  of  solid  matter 
which  happen  to  be  at  hand,  e.  g.,  pebbles,  shell  fragments,  or  bits  of  eel  grass.  By  the 
exercise  of  considerable  care  the  living  worm  may  be  dug  up  in  shallow  water.     But 

a  These  Q>ecie8  were  all  dredged  during  the  coune  of  the  survey.    Whether  or  not  they  had  previously  been  collected  inde- 
pendently by  Dr.  Moore  is  not  known. 
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although  we  have  encountered  these  tubes  (or  rather  short  segments  of  tubes)  at  198 
stations  throughout  Vineyard  Sound  and  Buzzards  Bay,  we  have  not  a  single  record 
of  having  taken  even  the  anterior  portion  of  the  worm  itself  in  the  course  of  our  dredg- 
ing. Our  records  for  CfuBtopterus  pergamentaceus,  Clymendla  torquaia,  Melinna  macu- 
lata,  and  the  two  species  of  Pista  likewise  relate  almost  exclusively  to  tubes;  although 
the  first  two  of  these  species,  at  least,  may  be  readily  collected  by  digging  in  shallow 
water.  It  is  highly  probable  also  that  some  small  and  inconspicuous  species  were 
pretty  constantly  lost  or  overlooked  in  the  process  of  washing  large  qt4antities  of  mud 
or  sand,  particularly  as  we  were  seldom  assisted  in  the  field  by  anyone  having  an  ade- 
quate knowledge  of  this  group.^ 

Mistakes  due  to  the  actual  confusion  of  one  species  with  another  in  the  field  records 
are  probably  particularly  infrequent  for  the  annelids,  in  as  much  as  nearly  all  of  the 
specimens  were  reserved  for  identification  by  Dr.  Moore.  The  one  known  case  in  which 
a  certain  degree  of  confusion  exists  is  that  of  the  small  tube-dwelling  worms  of  the  genus 
Spirofbis,  It  was  not  at  first  realized  that  several  species  of  closely  similar  appearance 
existed  within  the  Umits  of  the  region  dredged,  and  for  this  reason  it  was  not  thought 
necessary  to  save  samples  from  every  dredge  haul.  It  has  consequently  been  found 
necessary  to  list  a  considerable  proportion  of  our  specimens  merely  as  "Spirarbis  sp. 
undetermined;''  and  it  has  not  seemed  worth  while  to  present  the  distribution  charts 
for  any  members  of  the  genus,  although  at  least  one  of  these  (5.  tubcpfomUs)  is  known 
to  have  been  taken  at  more  than  10  stations. 

On  the  average,  4.3  species  of  Annulata  were  recorded  for  each  of  the  Survey  dredge 
hauls.  The  species  found  to  have  the  most  general  distribution  was  Hydroides  dianihus, 
which  was  taken  at  223  of  the  458  stations.  Those  encountered  so  frequently  as  to  be 
taken  at  one-fourth  of  the  total  ntunber  of  stations  were: 

Hydroides  dianthus  (223). 

Diopatra  cuprea  (198). 

Nereis  pelagica  (192). 

HarmothoC  imbricata  (189). 

LepidoQotus  squamatus  (165). 

As  might  have  been  readily  inferred  from  the  habits  of  this  group  of  organisms,  the 
character  of  the  bottom  was  fotmd  to  be  the  dominant  influence  in  determining  their  dis- 
tribution. Now,  we  have  seen  that  the  bottom  of  Buzzards  Bay,  as  a  whole,  is  muddy, 
whereas  most  portions  of  Vineyard  Sound,  however  much  they  diflfer  in  other  respects, 
agree  in  the  scarcity  of  mud.  Accordingly  we  find  it  possible  to  divide  the  majority  of 
the  annelids  from  the  Survey  dredgings  into  predominantly  Bay-dwelling  and  predom- 
inantly Sound-dwelling  forms. 

As  judged  by  our  dredging  records,  members  of  this  phylum  are  encotmtered  with 
considerably  greater  frequency  in  Buzzards  Bay  than  in  Vineyard  Sound.*  The  average 
number  of  species  taken  per  dredge  haul  for  each  body  of  water  and  for  each  vessel  may 
be  tabulated  as  follows: 

Vineyard  Sound: 

Fiah  Hawk  stations 3. 5 

Phalaiope  stations 4. 6 

•Buzzards  Bay: 

Fish  Hawk  stations 6.  2 

Phalarope  stations 4. 6 

•  To  obtain  satisfactory  results,  portions  of  the  bottom  material  should  be  covered  with  sea  water  and  left  standing  in  dishes 
for  some  hours. 

>  This  statement  is  in  no  way  inconsistent  with  the  fact  that  the  total  number  of  species  recorded  for  the  Sound  as  a  whole 
b  considerably  greater  than  that  recorded  for  the  Bay  (p.  80). 
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It  is  to  be  noted  that  this  preponderance  in  favor  of  the  Buzzards  Bay  stations 
relates  only  to  those  of  the  Fish  Hawk,  It  is  in  the  deeper  portions  of  the  Bay,  where 
the  Fish  Hawk  dredgings  were  made,  that  the  mud  predominates.  Elsewhere  the  bot- 
tom agrees  more  closely  with  that  of  Vineyard  Sound. 

These  same  facts  are  shown  by  a  comparison  of  the  lists  of  "prevalent' '  species  for  the 
different  groups  of  stations  (p.  65-71),  i.  e.,  the  lists  ot  those  species  which  were  taken  at 
one-fourth  or  more  of  the  stations  belonging  to  each  group.  Thus  the  list  for  the  Fish 
Hawk  stations  of  Vineyard  Sound  contains  five  species;  that  for  the  Fish  Hawk  stations 
of  Buzzards  Bay,  nine  species.  The  list  for  the  Phalarope  stations  in  Vine3rard  Sound 
contains  five  species;  that  for  the  Phalarope  stations  of  Buzzards  Bay,  six  species. 

With  reference  to  the  wealth  of  annelid  life  upon  the  three  types  oi  bottom  which 
we  have  considered,  we  have  the  following  figures,  representing  the  average  number  of 
species  per  dredge  haul:  Sand,  3.4;  stones  and  gravel,  4.7;  mud,  5.2. 

To  what  extent  the  greater  wealth  of  annelid  life  upon  muddy  bottoms  is  actual 
and  to  what  extent  it  is  apparent  can  not  be  stated.  Soft  mud  is  of  course  cut  into 
much  more  deeply  with  the  dredge  than  is  sand  or  gravel,  and  thus  a  larger  proportion 
of  the  burrowing  worms  would  be  collected  from  the  former  t3rpe  <rf  bottom,  even  if  they 
were  equally  common  upon  both. 

Those  species  which  were  taken  in  one-fourth  or  more  of  the  dredge  hauls  made  upon 
sandy  bottoms  are :  • 

Harmotho^  ixnbricata.  Hydroides  dianthus. 

Nereis  pelagica.  Lepidonotus  squamatiis. 

Diopatra  cuprea. 

It  will  be  seen  that  this  list  comprises  exactly  the  same  species  as  were  recorded 
for  one-fourth  or  more  of  the  total  number  of  stations.  It  likewise  comprises  the  same 
species  as  are  to  be  found  in  the  lists  for  both  the  Fish  Hawk  and  Phalarope  stations  in 
Vineyard  Sound. 

The  following  is  a  list  of  prevalent  species  (according  to  the  same  standard)  taken 
upon  bottoms  of  gravel  and  stones: 

Hydroides  dianthus.  HarmotlioC  imbricata. 

Nereis  pelagica.  Diopatra  cuprea. 

Lepidonotus  squamatus.  Pdeudopotamilla  oculifera. 

The  only  one  of  these  which  was  not  comprised  in  the  preceding  list  is  the  last  one 
named. 

The  corresponding  list  for  muddy  bottoms  is  as  follows: 

Hydioides  dianthus.  Hannotho€  imbricata. 

Diopatra  cuprea.  Nino€  nigripes. 

Nephthys  incisa.  Cistenides  gouldii. 
Oymenella  torquata. 

Three  of  the  foregoing  species  (Hydroides,  Diopatra^  and  Harmoihoe)  were  comprised 
in  all  of  the  preceding  lists,  and  indeed  they  may  be  regarded  as  almost  ubiquitous  in 
local  waters.  The  other  four  are  to  be  regarded  as  characteristic  of  muddy  bottoms, 
and  indeed  all  of  the  seven  appear  among  the  ."prevalent'*  species  for  the  Fish  Hawk 

a  In  Uiis  and  all  simikr  lists,  the  spcdes  are  arranged  in  the  order  of  frcqacacy. 
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stations  in  Buzzards  Bay.     The  latter  list  is  seen  to  be  the  most  extensive  one,  so  far 
as  annelids  are  concerned.     It  will  be  found  upon  p.  66  and  need  not  be  repeated  here. 

Distribution  charts  (54-82)  have  been  prepared  for  those  29  species  (exclusive  of 
Spirarbis)  which  were  taken  at  10  or  more  dredging  stations.  With  respect  to  their 
distribution  in  local  waters,  we  may  arrange  the  species  in  the  five  following  groups: 

Species  nearly  or  quite  restricted  to  Vineyard  Sound. 

Number  of  sUtioas. 

Eulalia  annulata 17  Sotmd+<»  i  Bay. 

Lepnea  rubra 22  Soimd-f-  i  Bay. 

Polycimis  eximeus 10  Scnmd+  o  Bay. 

These  species  and  some  less  frequent  ones  which  might  have  been  included  are 
recorded  almost  exclusively  from  bottoms  of  sand  or  gravel.  It  is  perhaps  worth  noting 
that  the  three  listed  are  ones  which  are  found  most  commonly  in  the  interstices  of  the 
sandy  asddian,  Amaroucium  pellucidum.  Polydrrus  eximeus  is  recorded  by  us  only 
from  the  eastern  half  of  the  Sound. 

species  occurring  predominantly  in  Vineyard  Sound ,  though  more  or  less  common  in  Buzzards  Bay, 

Number  of  sUtkms. 

Harmotbo^  ixnbricata 122  Souiid-f-60  Bay. 

Lcpidonotus  squamatus 113  Scnmd+44  Bay. 

Nereis  pelagica 152  Sound+23  Bay. 

Lumbrineris  hebes 15  Soimd-j-  5  Bay. 

PBeudopotamilla  oculifera 59  Sotmd+i8  Bay. 

Sabellaria  vulgaris 6oSouiid+i2  Bay. 

Reference  to  the  charts  shows  that  in  the  case  of  four  of  these  six  species,  their 
occurrence  in  Buzzards  Bay  is  in  a  large  degree  restricted  to  the  inshore  stations.  This 
is  a  type  of  distribution  which  has  been  met  with  frequently,  being  exemplified  by 
animals  belonging  to  nearly  all  phyla.  The  comparative  scarcity  of  mud  at  these 
inshore  stations  of  the  Bay  is  doubtless  responsible  for  this  peculiarity  in  their  distri- 
bution. 

species  nearly  or  quite  restricted  to  Buzzards  Bay. 

Number  of  sUtloos. 

Nephthys  incisa 46  Bay+3  Sound. 

NinoC  nigripes 38  Bay+i  Sound. 

Rhynchobolus  americanus 22  Bay+2  Sound. 

Chastoptenis  pergamentaceus 43  Bay+o  Sound. 

Spiochaetopterus  oculatus 35  Bay-f-2  Sound. 

Pista  intermedia  * 18  Bay-|-2  Sound. 

Melinna  maculata 16  Bay+o  Sound. 

Cistenides  gouldii 37  Bay+o  Sound. 

Maldane  elongata 16  Bay+o  Sound. 

species  occurring  predominantly  in  Buzzards  Bay,  though  taken  occasionally  in  Vineyard  Sound. 

Number  of  tUtions. 

Pista  palmate  * 23  Bay+  7  Sound. 

Ampharete  setosa 15  Bay+  5  Sound. 

Clymenella  torquate 50  Bay+io  Sound. 

Tiophonia  afiinis 17  Bay+  4  Sound. 


a  At  mouth  of  Bay.  ^  Mostly  inshore  statkns. 
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With  a  very  few  exceptions  the  last  two  lists  comprise  species  which  primarily 
inhabit  muddy  shores  and  bottoms.  In  the  case  of  certain  species  (Clymenella  and 
Rhynchobolus)  it  is  to  be  noted  that  the  few  records  of  their  occurrence  in  Vinejrard 
Sound  refer  to  areas  whose  bottoms  are  known  to  be  partially  muddy.  This  type  ci 
distribution  is  not,  however,  wholly  intelligible  in  the  case  of  Clymenella  tarquaia,  since 
it  is  known  to  occur  in  abundance  in  shores  of  pure  sand  Unfike  most  of  the  foregoing 
species,  Pisia  palmata  and  P.  intermedia  appear  to  be  restricted,  both  in  the  Bay  and 
in  the  Sound,  to  the  adlittoral  zone.  They  are  found  upon  various  t3rpes  of  botUmi, 
including  muddy  ones.  Platynereis  megalops  might  perhaps  have  been  included  in 
the  last  of  the  foregoing  lists,  since  it  was  recorded  more  frequently  (absolutely  as  well 
as  relatively)  from  Buzzards  Bay.  Like  the  two  species  of  Pista,  it  was  taken  much 
more  often  at  the  inshore  stations. 

As  the  last  of  our  groups  with  respect  to  distribution,  we  have: 

Species  exkibiHng  no  evident  preference  for  one  or  the  other  body  of  water. 

Number  of  ftodoM. 

Nephthys  bucera 6  Sotmd+  5  Bay. 

Marphysa  leidyi. . .' 7  Soimd+  5  Bay. 

Diopatra  cuprea 105  Sound+86  Bay. 

Arabella  opalina 27  Sotmd+17  Bay. 

Parasabella  microphthalmia 6  Sotmd+  6  Bay. 

Hydioides  dianthus ijoSotmd+pj  Bay. 

The  distribution  of  most  of  these  last  species  seems  to  be  entirely  independent  of  the 
character  of  the  bottom.  Two  of  them  (Diopatra  and  Hydroides)  are  among  the  most 
ubiquitous  of  our  local  Annulata,  though  it  is  possible  that  the  distribution  of  Diopatra 
is  not  so  general  as  the  wide-spread  occurrence  of  its  tubes  would  lead  one  to  suppose. 
Regarding  three  of  the  foregoing  species  the  records  are  too  meager  to  permit  of  our 
forming  any  conclusions  of  value.  Nephthys  bucera  is  probably 'not  of  general  occur- 
rence in  the  Bay,  since  it  is  known  to  be  predominantly  a  sand-dwelUng  species. 

The  temperature  factor,  which  has  been  shown  to  be  such  an  important  one  ill 
determining  the  distribution  of  many  species  belonging  to  other  groups  of  organisms, 
probably  applies  to  certain  of  the  local  annelids,  though  it  appears  to  play  a  relatively 
insignificant  part  with  respect  to  the  species  for  which  charts  have  been  plotted.  The 
only  case  among  the  latter  which  seems  to  fall  under  this  head  is  that  of  the  serpulid 
worm  Hydroides  dianthus.  The  absence  of  this  species  from  the  western  portion  of 
Vineyard  Sound  is  a  conspicuous  feature  in  its  distribution,  especially  when  coupled 
with  the  fact  that  it  has  not  once  been  recorded  from  Crab  Ledge,  despite  the  favorable 
bottom  at  the  latter  point.  It  is  of  probable  significance  in  this  connection  that 
Hydroides  is  predominantly  a  southward-ranging  species,  which  may,  on  this  account, 
be  poorly  adapted  to  the  colder  waters  of  the  region.  The  case  resembles  that  of  the 
coral  Astran^  (p.  99)  and  that  of  the  sea  urchin  Arbacia  (p.  113),  which  have  already 
been  discussed  from  this  point  of  view.  So  far  as  our  records  go,  however,  there  are  in 
Vineyard  Sound  none  of  those  characteristic  cold-water  species  which  are  confined 
to  the  neighborhood  of  the  open  ocean.  But  there  are  a  number  of  species  of  annelids 
recorded  from  the  Crab  Ledge  stations  alone  among  the  dredgings  of  the  survey.  For 
most  of  such  species  Cape  Cod  is  believed  to  lie  at  the  southern  limit  of  distribution. 
Some  of  these  are  included  in  the  following  table.  The  statements  as  to  range  have 
been  furnished  us  by  Dr.  Moore. 
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Northern  types  taken  only  at  Crab  Ledge. 

Ammotrypane  fimbriata Gulf  of  Maine  to  Vineyard  Sound. 

Amphitrite  cirrata Northern  Europe  to  Crab  Ledge. 

Chaetinopoma  greenlandica Northern  seas,  south  in  deep  water  to  Massachusetts. 

EunoS  oerstedi Greenland  to  Vineyard  Sound. 

Fllograna  implexa .North  Atlantic,  south  to  Nantucket;  off  Sankaty  Head. 

Glycera  capitata Northern  Europe  to  Crab  Ledge. 

Nothria  conchylegia North  Atlantic,  south  to  Cape  Cod. 

Myxicola  steenstrupii North  Atlantic,  south  to  Massachusetts. 

Thelepus  cincinnatus North  Atlantic,  south  to  Massachusetts. 

The  low  temperature  of  the  bottom  waters  at  Crab  Ledge  was  considered  on  p.  51 
and  has  been  referred  to  elsewhere  in  our  discussions  of  distribution. 

Attention  has  already  been  called  to  the  fact  that  a  number  of  our  charted  species 
of  annelids  are  recorded  primarily  from  the  inshore  (adlittoral)  stations,  both  in  the  Bay 
and  in  the  Sotmd.  This  is  true  of  Pista  palmata,  Pista  intermedia,  Parasabella  microph- 
ihaltma,  and  in  a  lesser  degree  of  Platynereis  megalops.  The  same  phenomenon  is 
exhibited  by  certain  less  common  species,  such  as  Sthenelais  picta  and  Dodecaceria  corcUii. 
All  of  these  species  were  recorded  wholly  or  chiefly  from  the  Phalarope  and  Bliie  Wing 
stations. 

On  the  other  hand,  certain  species  appear  at  first  sight  to  show  a  tendency  exactly 
the  opposite  of  that  manifested  by  those  just  mentioned.  These  others  were  encoim- 
tered  with  considerable  frequency  dtuing  the  Fish  Hawk  dredging,  but  were  seldom 
taken  by  the  Phalarope.  Examples  of  such  species  are  Eulalia  annulata,  Nephihys 
bucera,  Ninoe  nigripes,  Arabella  opalina,  and  Rhynchobolus  americanus.  As  a  matter 
of  fact,  however,  the  last  two  species,  at  least,  are  known  to  be  common  along  shore, 
where  they  may  be  dug  up  with  the  spade.  Their  absence  from  the  Phalarope  records 
is  very  probably  due  to  the  failure  of  the  dredges  employed  on  the  latter  vessel  to  cut 
deeply  enough  into  the  bottom.  Indeed,  it  is  quite  possible  that  this  same  explana- 
tion will  hold  for  most  of  the  cases  in  which  species  of  Annulata  seem  to  be  restricted 
to  the  Fish  Hawk  stations. 

And,  in  general,  when  we  are  considering  any  case  in  which  a  given  species  has 
been  obtained  almost  exclusively  by  one  or  the  other  vessel,  the  question  must  be  asked 
whether  the  personal  element  may  not  have  played  a  part  in  determining  this  result. 
It  has  been  stated  that  the  Fish  Hawk  and  Phalarope  dredgings  were  under  the  super- 
vision of  different  persons.  As  is  well  known,  diflferent  observers  see  different  things, 
depending  upon  what  has  especially  been  brought  to  their  notice.  We  do  not  believe 
however,  that  much  importance  need  be  attached  to  this  source  of  error  in  considering 
most  of  the  species  which  have  been  listed  here.  In  the  case  of  certain  of  those  which 
have  been  mentioned  as  having  a  predominantly  adlittoral  habitat  (e.  g.,  Pista  inter- 
media), it  is  noteworthy  that  even  the  Fish  Hawk  stations  at  which  they  were  taken 
were  mainly  near  shore. 

A  considerable  number  of  the  Annulata,  the  names  of  which  appear  in  our  faunal 
catalogue,  are  strictly  intertidal  in  their  habitat,  or  at  least  are  confined  to  the  shallow 
waters  just  below  the  tidal  limits.  Such  forms  have  naturally  not  been  taken  with  the 
dredge,  although  many  of  them  are  common  enough  in  their  proper  habitat.  Examples 
of  species  such  as  these  are  Podarke  obscura,  Nereis  limbata,  Scoloplos  fragilis,  Amphi- 
trite omata,  Noiomastus  luridus,  Arenicola  cristata,  Arenicola  marina,  Spirorbis  spirorbis. 


Digitized  by 


Google 


124  BULLETIN  OF  THB  BUREAU  OP  FISHERIES. 

and  all  of  the  Oligochaeta  so  far  as  listed.  As  has  already  been  stated,  it  is  likely  that 
most  of  the  benthic  species  extend  nearly  or  quite  up  to  the  littoral  zone;  and  indeed 
they  often  occupy  the  latter  as  well. 

On  the  other  hand,  many  of  our  local  Annulata  are  pelagic  during  a  part,  at  least,  of 
their  existence.  This  is  true  of  the  larvae  of  nearly  all  the  Polychaeta,  and  holds  for  the 
sexual  phase  of  many  adult  worms,  particularly  the  Syllidae  and  Nerddae.  One  highly 
modified  and  typically  pelagic  form,  Tomopteris  helgolandica,  is  taken  in  the  local  tow 
during  the  winter  and  spring,  sometimes  occurring  in  abundance.  Two  exotic  species, 
which  may  perhaps  be  termed  pelagic,  were  found  upon  floating  timbers  among  goose 
barnacles.     These  are  Amphinome  pallasii^  and  Hipponoe  gaudichaudi, 

A  few  of  the  more  striking  examples  of  a  difference  of  habitat  being  shown  by 
different  members  of  the  same  genus  are  as  follows: 

Nephthys. 

N.  incisa:  Frequents  bottoms  of  soft  mud. 

N.  bucera:  Frequents  sandy  bottoms. 
Nereis. 

N.  pelagica:  Gear  waters,  non-muddy  bottoms. 

N.  limbata:  Strictly  littoral,  preferring  foul  and  brackish  waters. 

N.  virens:  Diverse  habitat. 
Cirratulus. 

C.  grandis:  Shores  and  deeper  waters  in  sand  and  gravel. 

C.  parvus:  Deeper  waters  only,  in  colonies  of  Amaroucium  pellucidum. 
Amphitrite. 

A.  omata:  Inner  waters  of  region,  strictly  littoral. 

A.  bnumea  and  A.  cirrata:  Only  recofded  from  Crab  Ledge. 
Pista. 

P.  palmata:  Said  to  frequent  purer  waters  and  cleaner  sand  than  P.  intermedia. 
Spirorbis. 

S.  spirorbis:  On  rock-weed,  littoral. 

S.  tubaefonnis:  On  Phyllophora  and  Chondrus,  from  adlittoral  zone  to  greatest  depths  of  region. 

S.  quadrangtdaris:  At  Crab  Ledge  only. 

S.  stimpsoni:  At  Crab  Ledge  only. 

S.  fewkesi:  Flrom  algse  in  deeper  waters  of  Vineyard  Sound. 

The  following  species  of  Annulata  were  taken  during  the  dredging  operations  dl  the 
Survey: 


Autolytus  omatus. 

Eusyllis  fragilis. 

Odontosyllis  lucif  era. 

Pflcdophylax  dispar. 

Syllis  pallida. 

Trypanosyllis  sp. 
^Eulalia  annulata  (chart  54). 

Eulalia  gracilis. 

Btdalia  pistacia. 

Bumidia  americana. 

Phyllodoce  catenula. 

Euno€  oerstedi. 
*HamK>tho€  imbricata  (chart  55). 
^Lepidonotus  squamatus  (chart  56). 

Lepidonotus  sublevis. 


Sigalion  arenicola. 

Sthenelais  gracilis. 

Sthenelais  picta. 
*Nephthys  bucera  (chart  57). 
♦Nephthys  incisa  (chart  58). 

Nereis  arenaceodentata. 

Nereis  dumerilii. 
*Nereis  pelagica  (chart  59). 

Nereis  virens. 

*Plat3mereis  megalops  (chart  60). 
*Marphysa  leidyi  (chart  61). 
*Diopatra  cuprea  (chart  62). 

Nothria  conchylegia. 
♦Arabella  opalina  (chart  63). 

Drilonereis  longa. 


«  This,  we  learn,  it  known  to  be  littoral  in  Uie  West  Indies. 
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♦Ampharete  setosa  (chart  73). 
^Meliima  maculata  (chart  74). 
*Cistenidcs  gouldii  (chart  75). 

Capitella  sp. 

Ammotrypane  fimbriata. 

Ophelia  denticulata. 
*C]yineiiella  torquata  (chart  76). 
*Maldane  elongata  (chart  77). 

Praxilella  zonalis. 

Scalibregma  brevicauda. 

Brada  setosa. 
*Tn>phonia  affinis  (chart  78). 

Euchone  elegans. 

Myxicola  steenstrupii. 
*Parasabella  microphthalmia  (chart  79). 
*Pseudopotamilla  oculifera  (chart  So), 

Protula  sp. 

Chsetinopoma  greenlandica. 

Pilograna  implexa. 
*Hydroides  dianthus  (chart  81). 

Spirorbis  quadrangularis. 

Spirorbis  spirillum  (probably  taken  more  than  ten 
times). 

Spirorbis  tubseformis. 
*Sabellaria  vulgaris  (chart  82). 

Ichthyobdella  funduli. 


^ 


*Lumbrireris  hebes  (chart  64). 

Lumbrineris  tenuis. 
•Nino€  nigripes  (chart  65). 

Euglycera  dibranchiata. 

Glycera  capitata. 
*Rhynchobolus  americanus  (chart  66). 

Scoloplos  f  ragilis. 

Scoloplos  robustus. 

Polydora  concharum. 

Scolecolepis  viridis. 

Spio  sp.  undet. 

*Chsetopterus  pergamentaceus  (chart  67). 
*Spioch8etop terns  oculatus  (chart  68). 

Ammochares  artifex. 

Cirratulus  cirratus. 

Cirratulus  grandis. 

Cirratulus  parvus. 

Cirratulus  tenuis. 

Dodecaceria  coralii. 

Amphitrite  cirrata. 
♦Lepraea  rubra  (chart  69). 

Nicolea  simplex. 
*Pista  intermedia  (chart  70). 
•Pista  palmata  (chart  71). 
•Polycirrus  eximeus  (chart  72). 

Thelepus  cincinnattis. 

Sabellides  pusilla. 

If  we  classify  our  30  commoner  species  of  bottom-dwelling  annelids  as  predomi- 
nantly northern  or  southern,  according  to  their  known  range  upon  our  coast,  we  have 
the  following  groups:* 

Predominantly  northern, 

HarmothoS  imbricata Circumboreal;  south  on  our  coast  to  New  Jersey. 

Lepidonotus  squamatus Both  sides  of  North  Atlantic;  Greenland  to  South  Carolina; also  reported 

from  north  Pacific. 

Nephthys  incisa Spitzbei^en  to  Long  Island  Sound. 

Nereis  pelagica Greenland  and  Labrador  to  Beaufort,  N.  C,  becoming  smaller  and  less 

common  south  of  Vineyard  Sound. 
Nino€  nigripes Eastport,  Me.,  to  Block  Island. 

Predominantly  southern, 

Eulalia  annulata Provincetown,  Mass.,  to  New  Jersey. 

Nephthys  bucera Massachusetts  Bay  to  Charleston,  S.  C. 

Platynereis  megalops Cape  Cod  to  Beaufort,  N.  C. 

Marphysa  leidyi Massachusetts  to  North  Carolina. 

Diopatra  cuprea Cape  Cod  to  Charleston,  S.  C. 

Arabella  opalina Massachusetts  to  Porto  Rico. 

Kh3mchobolus  americanus Massachusetts  to  Charleston,  S.  C. 

Chsetopterus  pergamentaceus. .  .Cape  Cod  to  West  Indies. 

Spiochcetopterus  oculatus Wellfleet,  Mass.,  to  Virginia. 

Lepraea  rubra Massachusetts  to  North  Carolina. 

Pista  palmata Cape  Cod  to  Virginia. 

a  The  ranges  are  stated  upon  the  authority  of  Dr.  Moore 
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Polycimis  eximeus Cape  Cod  to  Beaufort,  N.  C 

Ampharete  setosa New  Haven  to  east  of  Falmouth. 

Melinna  maculata Woods  Hole  to  Virginia. 

Cistenides  gouldii Casco  Bay  to  North  Caiolina. 

Clymenella  torquata Eastport,  Me. ,  to  Porto  Rico. 

Maldane  elongata Massachusetts  to  North  Carolina. 

Tiophonia  affinis Massachusetts  Bay  to  southern  New  Jersey. 

Parasabella  microphthalmia Massachusetts  Bay  to  Beaufort,  N.  C. 

Hydioides  dianthus Casco  Bay  (in  sheltered  places)  and  Massachusetts  Bay  to  Charleslxm, 

S.  C. 

Spirorbis  tubseformis Vineyard  Sound  to  New  Haven. 

Sabellaria  vulgaris Provincetown  to  Beaufort,  N.  C. 

Having  a  range  of  approximately  equal  extent  north  and  south. 

Lumbrineris  hebes Casco  Bay  to  New  Jersey. 

Pseudopotamilla  oculifera Bay  of  Fundy  to  Vli^ginla. 

Cf  doubtful  position. 

Pista  intermedia Cape  Cod  to  Block  Island. 

It  will  thus  be  seen  that  a  large  majority  of  the  more  prevalent  benthic  spedes  dt 
Annulata  found  in  this  vicinity  are  predominantly  southern  in  their  range,  while  of  the 
few  st)ecies  whose  range  is  predominantly  northern  all  but  two  have  a  range  which 
extends  far  to  the  southward  of  Woods  Hole. 

SIPUNCULIDA. 

So  far  as  known,  this  group  of  worms  has  a  scant  representation  in  our  local  fauna. 
Only  three  determined  species  are  included  in  our  list,  of  which  only  one  (Phascolion 
strombi)  was  encountered  with  any  frequency  in  the  dredge.  This  was  mainly  recorded 
from  the  inshore  stations  of  Buzzards  Bay,  though  taken  elsewhere  on  a  number 
of  occasions  (chart  83).  On  account  of  its  peculiar  mode  of  life  it  was  probably  fre- 
quently overlooked  during  the  earlier  days  of  our  dredging.  This  worm,*  according  to 
Gerould,  is  "fotmd  all  along  the  eastern  coast  of  North  America  from  off  Virginia 
northward  to  Labrador."  Since  it  occurs  in  such  widely  different  latitudes  as  the  West 
Indies  and  the  northern  coast  of  Asia,  the  distribution  of  this  species  can  have  little 
relation  to  temperature. 

Another  of  our  local  sipunculids  (Phascolosoma  verrUlii  Gerould)  has  been  taken 
on  a  very  few  occasions  only.  It  was  apparently  observed  by  Verrill,  though  not 
described  by  him. 

8.  ARTHROPODA 

With  a  few  exceptions  the  phylum  Arthropoda  is  represented  in  our  marine  fauna 
by  the  class  Crustacea  alone,  the  members  of  which  occupy  somewhat  the  same  position 
in  the  life  of  the  sea  as  do  the  insects  upon  land.  The  total  number  of  Crustacea  thus  far 
listed  for  this  region  is  about  300,  which  is  a  larger  number  than  is  recorded  for  any 
other  class  of  animals  or  even  for  any  entire  phylum  besides  the  Arthropoda.  There 
are  comprised  in  our  catalogue  289  definitely  determined  species  of  Crustacea,  together 
with  3  which  are  undetermined  and  18  which  have  been  determined  with  doubt.  Of 
these,  i26(  +  6?)  are  to  be  assigned  to  the  subclass  Entomostraca  and  i63(+ 15  ?)  to  the 
subclass  Malacostraca.     Since  the  former  subclass  comprises  for  the  most  part  small 
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and  inconspicuous  forms,  it  is  likely  that  the  list  of  these  is  far  less  complete  than  that 
for  the  latter  group,  which  comprises,  for  the  most  part,  species  of  moderate  or  large 
size.  It  is  the  Malacostraca,  likewise,  which  are  chiefly  represented  in  our  dredging 
records;  indeed,  we  should  say  exclusively  represented  but  for  the  ever-present  barnacles. 
Owing  to  the  magnitude  of  this  class  and  to  the  fact  that  different  sections  have 
been  treated  by  different  specialists,  it  seems  best  to  consider  the  orders  separately. 

I.  PHYLLOPODA. 

The  Phyllopoda  are  represented  in  our  list  by  two  members  of  the  Pol)rphemidae, 
which  were  identified  by  Mr.  R.  W.  Sharpe  among  material  collected  with  the  townet 
at  Woods  Hole,  and  by  a  species  of  Artemia,  which  was  observed  by  Verrill  in  "  salt  vats" 
at  Falmouth,  and  is  perhaps  not  to  be  included  in  our  marine  fauna  at  all.  One  or  more 
species  of  Polyphemidae  are  at  times  excessively  abundant  in  the  Woods  Hole  plankton, 
and  it  is  likely  that  our  phyllopod  fauna  is  far  more  extensive  than  the  present  meager 
records  would  imply. 

II.  OSTRACOOA. 

Twenty-six  species  of  ostracods  have 'been  identified  by  Dr.  Cushman*  among 
specimens  collected  in  the  vicinity  of  Woods  Hole.  Of  these,  21  were  recorded  from 
the  Survey  dredgings.  Since  this  group  had  never  been  studied  locally  prior  to  the  work 
of  Dr.  Cushman,  all  of  these  26  species  may  be  regarded  as  additions  made  to  our  local 
fauna  through  the  operations  of  the  Survey.  Ten  of  them  were  described  for  the  first 
time  by  Dr.  Cushman  from  specimens  dredged  or  otherwise  collected  during  the  summer 
of  1905. 

Mr.  R.  W.  Sharpe,  who  has  examined  large  quantities  of  townet  material  collected 
in  Woods  Hole  Harbor,  believes  that  he  has  met  with  "  perhaps  20  forms,  certainly  new 
to  our  shores,  and  mostly  new  to  science."  Thus  far,  however,  he  has  not  published 
descriptions  of  any  of  these  local  species. 

Reference  to  the  comparative  table  on  page  88  shows  that  29(+ 9?)  sfjedes  of  ostra- 
cods have  been  listed  for  eastern  Canada,  6  for  Plymouth,  57(+  i?)  for  the  Irish  Sea, 
and  9  for  the  Gulf  of  Trieste.  It  is  likely  that  these  numbers  represent  the  relative  thor- 
oughness of  the  search  which  has  been  made  for  these  organisms  rather  than  the  relative 
wealth  of  species  at  these  points.  Ten  of  the  Canadian  species  are  known  to  be  common 
to  Woods  Hole,  but  so  far  as  we  may  infer  from  the  lists  there  are  no  species  com- 
mon to  Woods  Hole  and  Plymouth. 

None  of  the  Ostracoda  were  recorded  from  a  sufficient  ntunber  of  dredging  stations 
to  warrant  our  plotting  distribution  charts  for  them.  Moreover,  they  were  only  sought 
for  during  one  season  of  the  regular  dredging  work  of  the  Survey*  and  consequently 
we  have  a  very  imperfect  idea  of  their  distribution  in  local  waters.  From  our  records 
the  ostracods  appear  to  be  chiefly  restricted  to  the  western  end  of  Vineyard  Sound,  and 
it  seems  'likely  that  their  scarcity  in  the  eastern  part  is  in  a  considerable  measure 
real,  since  bottom  samples  from  the  entire  length  of  the  Sound  were  examined  by 
Dr.  Cushman. 

•  A  fist  of  these  has  already  been  imbUshed  in  Proceedings  of  the  Boston  Society  of  Natural  History,  vol.  3a,  1906. 
^  A  few  additicmal  records  were  obtained  in  1907. 
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in.  COPEPODA. 

These  fall  into  two  rather  natural  subdivisions,  including  the  free-living  and  the 
parasitic  forms,  respectively,  though  the  line  of  division  is  not  strictly  a  taxonomic  one. 
The  list  of  free-living  copepods,  including  25  (-f- 1  ?)  species,  is  derived  from  the  published 
reports  of  W.  M.  Wheeler  (1900)  and  of  R.  W.  Sharpe  (i9io).«  Wheeler  listed  30  spe- 
cies for  the  "Woods  Hole  Region,'*  though  the  majority  of  these  were  recorded  only  from 
waters  lying  well  without  the  limits  of  the  region  considered  in  the  present  report.  Mr. 
Sharpe  examined  collections  taken  by  himself  in  the  tow  net  throughout  the  season  of 
1908,  as  well  as  material  which  had  already  been  gathered  by  the  schooner  Grampus 
and  by  Mr.  V.  N.  Edwards.  He  has  catalogued  60  species,  <rf  which,  however,  mote 
than  half  are  extralimital. 

The  parasitic  copepods  of  this  region,  of  which  58(4-2?)  species  are  comprised  in 
our  catalogue,  have  been  listed  by  S.  I.  Smith  (in  Verrill  and  Smith,  1873),  R-  Rathbun 
(1884-1887),  M.  J.  Rathbtm  (1905),  and  by  C.  B.  Wilson  in  a  series  of  recent  papers.  We 
are  indebted  to  the  last-named  authority  for  examining  the  manuscript  of  our  annotated 
list  of  this  group,  as  well  as  for  furnishing  a  valuable  set  of  notes  which  have  been  incor- 
porated  in  the  latter.    The  nomenclature  and  the  classification  adopted  are  his. 

Scarcely  any  copepods,  either  free  or  parasitic,  are  recorded  in  the  Canadian  cata- 
logue of  marine  invertebrates.  The  Plymouth  list  comprises  24  free-living  species  and 
one  parasitic.  Herdman  has  listed  195  copepods  (chiefly  free-living)  from  the  Irish 
Sea,  while  Graefife's  catalogue  for  the  Gulf  of  Trieste  includes  56  free-living  copepods  and 
1 10  parasitic  species.  Here  again,  it  is  quite  unlikely  that  these  figures  are  at  all  indic- 
ative of  the  actual  wealth  of  the  copepod  fauna  at  the  respective  points. 

rV.    CIRRIPBDIA. 

Of  this  order,  17  species  are  listed  for  the  region,  though  two  of  these  are  included 
somewhat  doubtfully.  Of  these  only  two  (Balanus  ebumeus  and  B,  porcaius) ,  and  possibly 
a  third  (B.  crenatus),  have  been  taken  during  our  Survey  dredging.  Most  of  the  species 
listed  in  the  catalogue  have,  however,  been  collected  at  one  point  or  another  by  our 
parties.  One  species,  Chihamalus  steUatus,  although  very  abundant  at  present,  seems 
to  have  escaped  the  notice  of  local  zoologists  and  had  not  apparently  been  recorded 
for  New  England  waters  tmtil  attention  was  recently  called  to  it  by  one  of  the  present 
writers.^  Another  (Balanus  tintinnabulum)  had  not,  so  far  as  we  know,  been  definitely 
recorded  for  points  within  the  region.  This  last  is,  however,  an  exotic  form,  and  is  not, 
probably,  to  be  included  in  our  fauna. 

Verrill  and  Smith  (1873)  Usted  13  species  of  barnacles,  most  of  which,  however, 
were  not  recorded  from  definitely  indicated  points  within  the  limits  of  our  region.  All 
but  one  of  our  17  species  are  included  by  Miss  Rathbun  in  her  "List  of  the  Crustacea," 
though  not  in  all  cases  recorded  for  strictly  local  waters. 

Scant  attention  has  been  given,  however,  to  the  sessile  barnacles  of  our  coast,  and 
it  is  not  tmlikely  that  further  studies  will  considerably  increase  the  number  of  known 
species.     Notwithstanding  this  probable  incompleteness  of  our  list,  it  will  be  seen 


a  The  list  of  Rhode  Island  species  prepared  by  Williams  (1906)  has  not  been  considered  here,  since  the  records  relate  otilir  to 
Narrasansett  Bay. 

ft  Science.  Sept.  17, 1909.    (See  also  footnote  on  page  X90  of  this  report.) 
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(p.  89)  that  a  greater  ntimber  of  drripedes  have  been  catalogued  from  Woods  Hole 
than  from  any  of  the  other  stations  considered  in  our  table.  Only  10  species  each 
have  been  listed  by  Whiteaves,  Herdman,  and  the  Plymouth  laboratory,  while  15  have 
been  recorded  by  Graeffe.  Six  of  the  Canadian  species  and  4  of  those  listed  for  Plymouth 
are  common  to  our  Woods  Hole  catalogue. 

The  barnacles,  particularly  the  sessile  forms,  are  a  very  baffling  group  to  the  tax- 
onomist,  and  it  must  be  admitted  that  our  local  collections  have  not  received  the  treat- 
ment which  they  deserve.  During  the  greater  part  of  the  Survey  dredging  separate 
specimens  were  preserved  from  each  station  at  which  barnacles  were  taken.-  A  large 
proportion  of  these  specimens  were  immature,  many  others  were  waterwom  and  imper- 
fect. The  small  collection  made  during  the  summer  of  1903  was  examined  by  Dr.  H.  A. 
Pilsbry,  who  furnished  a  list  of  identifications  covering  this  earlier  period.  The  survey 
was  unable  to  obtain  the  services  of  this  specialist  in  determining  the  barnacles  dredged 
during  the  subsequent  seasons  of  the  work.^  This  task  was  finally  undertaken  by  the 
senior  author  of  this  report,  who  offers  his  results  with  considerable  reservation.  Atten- 
tion must  be  called  to  the  frequently  reiterated  statements  of  Darwin,  the  chief  monog- 
rapher of  this  group,  respecting  the  high  variability  and  the  indefinite  Umits  of  the 
species  of  Balanus,  As  evidence  of  the  impossibility  of  distinguishing  these  species  by 
external  characters,  he  writes  (Monograph  of  the  Cirripedia,  vol.  n,  p.  187) :  ''After  hav- 
ing described  nearly  40  species,  and  when  my  eye  was  naturally  able  to  appreciate  small 
differences,  I  b^;an  carefully  to  examine  varieties  of  B,  tinHnnabtUum,  amphUriie^  impro- 
virus,  porcaitis,  vesUtus,  etc.,  without  even  a  suspicion  that  they  belonged  to  these  species, 
at  that  time  thoroughly  well  known  to  me."  It  must  be  added,  however,  that  the  case 
is  far  less  difficult  to  one  who  deals  with  a  very  few  species  occupying  a  very  limited  area. 
Unless  certain  species  which  have  never  been  reported  from  the  Woods  Hole  R^on  are 
nevertheless  common  here,  our  determinations  are  probably  correct  in  the  great  majority 
of  cases. 

By  far  the  larger  proportion  of  specimens  coming  from  the  Survey  dredgings  which 
have  been  examined  have  been  referred  to  Balanus  eburneus.  Large  specimens  of  this 
species,  found  upon  the  bottom  of  a  boat  and  elsewhere,  have  been  studied  carefully, 
with  reference  both  to  the  internal  and  external  structure  of  the  shell.  The  same  careful 
examination  was  extended  to  certain  of  the  specimens  coming  from  the  dredgings. 
None  of  the  latter,  however,  nearly  equaled  in  size  the  examples  taken  from  woodwork 
in  shallow  water,  and  are  probably  for  the  most  part  immature.  The  longitudinal 
striation  of  the  terga  is  faintly  indicated,  or  altogether  wanting,  and  the  general  shape 
of  the  opercular  plates  differs  from  those  taken  from  adult  specimens.  It  must  be 
confessed,  therefore,  that  general  appearance  and  the  process  of  elimination  have 
led  us  to  our  decision  in  regard  to  most  of  these  specimens.  They  are  obviously 
not  to  be  referred  to  Balanus  balanoides,  for  they  have  a  shelly  base,  and  differ  in  other 
conspicuous  ways.  Moreover,  the  latter  species  is  strictly  intertidal  in  its  habitat. 
Nor  are  they  to  be  assigned  to  Balanus  crenatus,  B.  parcatus,  or,  indeed,  to  any  of  the 
other  species  which  have  thus  far  been  recorded  from  this  region.  At  least  one  source 
of  serious  confusion  seems  to  be  possible,  however.     Darwin  tells  us  that  "diagnosis 

a  We  are  indd>tcd  to  him,  however,  for  the  idfntffication  of  a  considerable  number  of  staUced  bamades  of  the  genera  Lipas 
tad  Conckoderma, 

16269**— Bull.  3i»  Pt  I— 13 9 
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is  most  difficult  without  long  practice"  between  immature  specimens  of  B,  ebumeus  and 
the  young  of  B.  improvisus.  According  to  both  Darwin  and  Gravel,  the  latter  species 
is  recorded  from  Nova  Scotia  and  the  coast  of  the  United  States,  though  no  definite 
localities  are  stated.  Thus  it  does  not  seem  unlikely  that  this  species  occurs  in  our  local 
waters  an4  that  it  may  have  hitherto  been  confused  with  Balanus  ebumeus.  Barring 
this  possibility,  however,  of  a  confusion  with  some  closely  similar  species  which  has 
not  been  recorded  from  local  waters,  it  is  probable  that  nearly  all  of  the  barnacles 
dredged  by  the  Survey  are  to  be  assigned  to  Balanusebumeus,  Acting  upon  this  suppo- 
sition, we  have  plotted  out  a  single  distribution  chart  based  not  only  upon  the  specimens 
which  have  been  identified  as  Balanus  ebumeus  but  upon  those  which,  owing  to  imma- 
turity or  poor  preservation,  could  not  be  identified  with  confidence.  The  two  sets 
of  records  have,  however,  been  separated  in  the  faunal  catalogue. 

The  chart  (84)  shows  us  that  this  species  is  of  general  occiurence  and  of  considerable 
abundance  throughout  both  the  Sound  and  the  Bay.  It  was  recorded  from  157  stations, 
or  somewhat  more  than  one-third  of  the  total  number  dredged.  The  specimens  which 
were  dredged  were  commonly  attached  to  stones  or  shells,  very  frequently  to  shells 
which  were  occupied  by  hermit  crabs.  This  last  circumstance  may  account,  in  some 
measure,  for  the  very  general  distribution  of  this  species  upon  the  local  sea  floor. 
Balanus  ebumeus  occurs  at  all  depths  within  oiu-  region,  even  extending  up  to  the 
neighborhood  of  the  low-water  mark,  where  its  zone  overlaps  that  of  B,  balanaides.^ 

The  range  of  Balanus  ebumeus,  according  to  Darwin,  is  from  Massachusetts  ("about 
lat.  42^")  to  Venezuela  and  the  West  Indies.  It  thus  falls  within  the  class  of  southward- 
ranging  species. 

Barnacles  of  one  (perhaps  two)  other  species  were  dredged  by  us.  Large  spedmens 
of  Balanus  porcaius  were  taken  at  Crab  Ledge,  and  at  least  one  specimen  of  this  same 
species  was  taken  in  Vineyard  Sound.  Other  worn  shells,  which  are  believed  to  be 
those  of  either  B,  porcatus  or  B.  crenatus,  were  dredged  on  several  occasions  in  the  Sound. 
The  latter  species  was  said  by  Verrill  to  be  "abundant"  in  Vineyard  Sound,  but  this  is 
directly  contradicted  by  oiu*  own  experience,  though  we  have  found  it  growing  in 
considerable  numbers  upon  piles  at  Vineyard  Haven. 

Above  low-water  mark  Balanus  balanoides  occurs  in  prodigious  profusion,  being 
one  of  the  most  abundant  and  conspicuous  members  of  our  littoral  fauna.  With  it 
upon  rocks  and  piles,  though  commonly  at  a  somewhat  higher  level,  is  to  be  found 
Ckthamalus  stellatus,  which  is  likewise  abundant  and  generally  distributed  along  our 
shores  locally. 

A  number  of  species  of  stalked  barnacles  of  the  genera  Lepas  and  Conchodemui 
are  included  in  our  list.  Several  of  these  species,  notably  Lepas  fascicularis,  L.  hiUi, 
and  L.  anatifera,  are  sometimes  found  in  considerable  profusion.  They  are,  however, 
pelagic  organisms  which  find  their  proper  home  in  the  open  sea. 

a  We  have  found  Balanus  baJanoides,  B.  ebumeus,  B.  crenatut,  and  CktkafiMtus  sftUaimi  gnnring  together  on  A  iingie  pieoe  of 
bark  removed  from  a  wharf  pUe  at  Vineyard  Haven. 
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V.    AMPHIPODA. 

Locally,  at  least,  the  amphipods  are  by  far  the  most  abundant  of  the  Malacostraca, 
both  in  respect  to  the  number  of  mdividuals  and  of  species.  Seventy-one  determined 
species  are  recorded  for  the  region,  to  which  niunber  must  be  added  6  which  are  listed  as 
undetermined  or  are  doubtfully  to  be  included  in  this  list.  These  species  belong  to 
54(  +  5?)  genera  and  22(  +  2?)  families.  Of  the  total  nutnber  of  species  recorded,  35,  or 
about  one-half,  have  been  taken  during  our  own  dredging  operations;  26  others  have 
been  identified  from  shore  or  townet  collections  made  diuing  the  progress  of  the  survey; 
while  the  remainder  are  recorded  solely  upon  the  authority  of  published  statements. 

None  of  the  species  encoimtered  during  the  present  work  have  been  described  as 
new  to  science,  though  it  is  believed  that  the  collections  contain  one  or  more  unde- 
scribed  species.  About  nine  species  have  been  added  to  the  fauna  of  the  region  either 
through  our  dredging  operations  or  through  the  identification  of  material  in  the  posses- 
sion of  the  laboratory. 

Verrill  and  Smith  (1873)  listed  31  species  of  amphipods,  of  which  only  16  were 
determined  species  recorded  for  specified  localities  within  the  r^on.  Many  of  the 
others  must,  however,  have  been  pbserved  in  local  waters,  although  the  ranges  were 
stated  in  general  terms. 

Holmes  (1905)  lists  79  determined  species  of  amphipods,  some  of  which  were  first 
described  in  his  report  of  that  date.  From  this  niunber,  however,  must  be  deducted 
about  20  species  which  were  not  recorded  for  points  within  the  area  at  present  under 
consideration.  Miss  Rathbun,  in  her  "List  of  the  Crustacea,"  includes  over  100 species 
and  varieties  for  the  whole  of  New  England,  but  a  considerable  proportion  of  these  are 
extralimital  as  regards  our  present  region.  , 

The  list  of  invertebrates  for  eastern  Canada  comprises  70(4-4?)  species  of  amphi- 
pods, a  number  almost  identical  with  our  own.  Of  these,  20  are  known  to  be  common 
to  the  two  lists.  The  Plymouth  catalogue  records  52  members  of  this  order,  of  which 
only  7  or  8  appear  to  be  common  to  our  Woods  Hole  fatma.  Herdman  catalogues  129 
species  for  the  Irish  Sea,  while  Graeflfe  lists  49(4- 1  ?)  for  the  Gulf  of  Trieste. 

Since  the  amphipods  are  contained  very  largely  in  the  sand  and  mud  brought  up 
by  the  dredge,  the  completeness  of  the  record  for  any  region  depends,  of  course,  upon 
the  character  of  the  bottom  sample  obtained  and  upon  the  thoroughness  with  which  it 
is  subsequently  washed.  Thus  in  the  first  season  (1903)  few  amphipods  were  listed, 
owing  to  the  imperfect  methods  then  employed.  Another  possible  source  of  error  is  the 
likelihood  of  free-swimming  species  from  any  depth  being  caught  in  the  dredge  diuing 
the  passage  of  the  latter  through  the  water  after  leaving  the  bottom.  Thus,  some  of 
those  amphipods  which  constitute  at  times  such  an  important  element  in  the  plankton 
may  figure  as  bottom  dwelling  species  in  the  records.  It  is  believed  that  cases  of  this 
sort  are  comparatively  few,  however,  owing  to  the  probability  that  these  free-swimming 
species  would  pass  out  through  the  meshes  of  a  dredge  net. 

With  a  few  exceptions  no  effort  was  made  to  identify  the  amphipods  in  the  field, 
but  the  specimens  from  each  station  were  preserved  for  future  determination.  For 
the  identification  of  many  of  these  we  are  under  obligation  to  Prof.  S.  J.  Holmes,  to  whom 
we  are  likewise  indebted  for  a  critical  examination  of  our  check  list  of  amphipods.  The 
greater  part  of  the  work  of  identification  was,  however,  performed  by  Dr.  Cole.    A 
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large  collection  of  specimens  taken  by  Mr.  Edwards  with  the  tow  net,  or  gathered  by  the 
Survey  parties  during  the  shore  collecting,  has  been  identified  for  us  by  Dr.  B.  W. 
Kunkel.  A  few  of  the  readily  recognizable  forms  (e.  g.,  Unciola  irrorata)  were  frequently 
listed  in  the  field.  Unfortunately  during  the  first  season  all  the  Caprellidse  were  recorded 
by  the  collectors  as  '*CapreUa  geometrica,**  Since  some  other  members  of  this  genus 
have  been  recorded  from  the  region,  and  particularly  since  the  allied  jEgif%eUa  langicamis 
is  found  with  great  frequency,  such  records  are,  of  course,  equivocal,  and  they  have  been 
changed  to  "  Caprellida  sp.'*  Later  dredgings  have,  however,  resulted  in  differentiating 
to  some  degree  the  distributions  of  these  species,  but  not  sufSdently  to  warrant 
our  plotting  out  a  separate  chart  for  each.  We  have  consequently  prepared  a  single 
chart  showing  their  combined  distribution. 

On  the  average  i  .6  species  of  amphipods  are  recorded  for  each  of  the  Survey  dredge 
hauls.  The  spedes  found  to  have  the  most  general  distribution  was  Unciola  irrorata^ 
which  was  taken  at  115  of  the  regular  dredging  stations.  No  other  member  was 
encountered  at  as  many  as  one-fourth  the  entire  number  of  stations. 

The  most  salient  fact  respecting  the  distribution  of  the  bottom-dwelling  amphipods 
in  local  waters  is  the  paucity  of  species  in  Buzzards  Bay  as  compared  with  Vineyard 
Sound.  In  fact,  of  the  19  species  for  which  distribution  charts  have  been  plotted,  only 
2  are  shown  to  be  of  greater  abundance  in  the  Bay,  while  not  more  than  2  others  seem 
to  be  present  in  about  equal  numbers  in  the  two  bodies  of  water.  We  may  for  con- 
venience group  the  species  as  follows  with  reference  to  their  comparative  abundance 
in  one  or  the  other  body  of  water. 


Species  wholly  or  ckutfiy  restrictod  to  Vintyard  Sound. 


Lysianopsis  alba 11 

Haustorius  aretiarius 11 

Byblis  aerrata 16 

Calliopius  Icevinaculus 15 

Pcmtogenia  mermis 2$ 

Batea  secimda 24 

Gammanis  annulatus 9 

Elasmopus  laevis 30 

?  Autonoii  smith!  (data  too  few) ^ za 

Amphitho€,  rutmcata 32 

Jassa  maimorata 16 

Ericthonius  minax 31 

Corophium  cylindricum 59 

^ineUa  loagicomis)  ^ 

Caprella  s^mtrica    j ' 

Species  chiefly  restricted  to  Buuards  Bay, 

Ampeliaca  maciocephala 4 

Ptilocheinis  pinguis 14 

species  of  nearly  unrestricted  distribution, 

Ampelisca  spinipes 32 

Unciola  inorata 70 
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With  the  exception  of  those  four  species  comprised  in  the  last  two  lists,  the  amphi- 
pods,  when  recorded  from  Buzzards  Bay  at  all,  were  nearly  always  taken  in  the  vicinity 
of  land,  i.  e.,  at  the  adlittoral  stations.  In  a  large  proportion  of  cases  the  Bay  stations 
were  near  the  passages  connecting  with  Vineyard  Sound,  or  close  to  the  lower  end  of 
the  Bay.« 

On  the  other  hand,  even  within  the  Sound,  certain  species  are  found  not  to  have 
an  unrestricted  distribution.  For  example,  Hausiorius  arenariv^,  Byblis  serraia, 
Calliopius  IceviusctUus,  Pontogenia  inertnis,  and  Jassa  marmorata  are  in  large  degree 
restricted  to  the  western  half  of  the  Sound,  while  Lysianopsis  alba,  Batea  secunda,  and 
Autanoe  smUhi  are  for  the  most  part  restricted  to  the  eastern  half.  One  of  the  two 
predominantly  Bay-dwelling  species  {Ampelisca  macrocephala)  and  perhaps  also  the 
other  {Piilocheirus  pinguis)  appear  to  be  in  some  measure  restricted  in  the  Sound  to 
pcnnts  where  the  bottom  is  muddy.  The  difference  between  the  Bay  and  the  Sound 
in  respect  to  tndr  amphipod  faunas,  and  in  considerable  measure  the  local  distribution 
within  each  of  these  bodies  of  water,  are  for  the  most  part  explainable  by  reference 
to  the  character  of  the  bottom.  Just  such  types  of  distribution  have  already  been 
encountered  in  the  case  of  other  groups  and  need  not  be  discussed  here.  Certain  cases 
which  appear  to  be  explainable  by  reference  to  temperature  will  be  considered  shortly. 

An  interesting  feature  respecting  the  amphipod  life  of  the  Bay  and  the  Sound 
appears  when  we  consider  the  average  number  of  species  taken  per  dredge  haul  for 
each  body  of  water  and  for  each  vessel.    The  figures  are  as  follows: 

Vineyard  Sound: 

Fish  Hawk i.  8 

Pbalarope i.  9 

Buzzards  Bay: 

Fish  Hawk 1.3 

Phalarope 1. 1 

While  these  figures  were  considerably  higher  for  the  Sound  stations  than  for  the 
Bay  stations,  there  is  nothing  like  the  disproportion  which  might  have  been  expected 
in  view  of  the  fact  that  the  number  of  predominantly  Sound-dwelling  species  which 
were  shown  upon  our  charts  was  so  much  in  excess  of  (7}^  times)  the  number  of 
predominantly  Bay-dwelling  species. 

Again,  the  average  number  of  species  per  dredge  haul  is  the  same  (1.6)  for  each  of 
the  three  types  of  bottom  distinguished.  And  when  we  consider  the  lists  of  "preva- 
lent" species  for  the  various  groups  of  stations,  we  find  that  only  such  one  (Undola 
iffOTota)  occurred  at  one-fourth  of  the  Vineyard  Sound  stations  of  the  Fish  Hawk^ 
while  three  species  (Ptilocheirus  pinguis,  Unciola  irroraia,  and  Ampelisca  macrocephala) 
occurred  at  an  equal  proportion  of  Buzzards  Bay  stations.  This  condition  seems  to  be 
only  explainable  on  the  supposition  that  while  the  number  of  species  which  inhabit 
Vineyard  Sound  is  greatly  in  excess  of  the  number  found  in  Buzzards  Bay,  such 
species  as  do  occur  in  the  latter  are  of  much  more  general  prevalence  throughout  its 
extent.    A  discussion  of  similar  phenomena  has  already  been  given  in  chapter  ni. 

Two  apparent  cases  of  distribution  in  relation  to  temperature  are  Calliopius  kevius- 
cuius  and  Pontogenia  inermis,  which  occur,  so  far  as  our  dredging  records  show,  primarily 

« In  Bome  cases,  iust  without.    Here  tmddscwfatrestatkwis  have  been  dniiifd  as  Bay  or  Sotmd  stations  whkfa  lay  on  the  Bay 
«r  Soood  sidev,  re9>ectively.  of  Sow  and  Pigs  Reef,  extending  from  the  end  of  Cuttyhunk  Island. 
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in  the  colder  regioa  of  the  Sound.  Both  of  these  are  predominantly  northern  species, 
as  will  be  seen  by  reference  to  the  table  on  page  135,  giving  the  ranges  ci  some  of  the  local 
amphipods.  It  must  be  added,  however,  that  the  first  species  is  taken  throughout  the 
year  in  the  surface  tow  at  Woods  Hole  and  has  been  collected  along  shore  at  various  local 
points  even  in  midsummer.  In  the  case  of  two  other  species,  Byblis  serraia  and  Haus- 
tortus  arenariuSf  there  appears  to  be  likewise  to  some  extent  a  preference  for  the  western 
extremity  of  Vineyard  Sound.  Neither  of  these,  so  far  as  known,  are  predominantly 
northern  species,  and  it  is  likely  that  the  character  ci  the  bottom  is  the  determining 
factor  in  their  distribution,  particularly  since  Haustorius  is  known  to  be  abundant  on 
sand  flats  near  shore.  Its  preference  for  the  western  portions  of  the  Sound  is  thus  com- 
parable with  that  of  the  lady  crab,  Ovalipes  ocellahis.  A  few  species,  on  the  other  hand, 
appear  from  our  rather  meager  records  to  occur  predominantly  in  the  warmer  waters 
of  the  region.  Such  are  Lysianopsis  alba,  Batea  secunda,  and  Autonoe  smithi.  All  of 
these  have  been  recorded  only  for  the  immediate  neighborhood  of  Woods  Hole,  and 
their  general  distribution  is  unknown.  Little  stress  is  to  be  laid  upon  any  of  these 
cases,  however,  especially  since  a  number  of  other  species  which  here  reach  their  north- 
em  or  their  southern  limit  are  distributed  locally  without  any  apparent  reference  to 
temperature. 

Ampkiihoi  rubricata  alone,  among  those  species  whose  distributions  have  been 
plotted  with  any  degree  of  completeness,  seems  to  be  restricted  to  the  littoral  and 
adlittoral  zones.  It  is  recorded  chiefly  from  the  inshore  stations  dredged  by  the  PAo* 
larope  and  Blue  Wing,  and  the  comparatively  few  Fish  Hawk  stations  at  which  it  was 
taken  are  all  in  the  neighborhood  of  land. 

The  following  amphipods  were  recorded  during  the  Survey  dredgii^,  those  taken 
at  10  or  more  stations  being  designated  as  usual  by  an  asterisk: 


?Talorche8tia  megalophthaliiia  (perhaps  not  froip 
bottom). 

A]ion3rx  nobilis  (generic  name  questionable). 
'Lysianopsis  alba  (chart  85). 
*Hattstoritis  arenarius  (chart  86). 

Phozocephalus  holbolli. 

Paraphoxus  spinosus. 
*Ampeli8ca  maciocephala  (chart  87). 
*Ampeli8ca  spinipes  (chart  88). 
♦Byblis  serrata  (chart  89). 

Stenothoe  minuta. 

S3mipleti8te8  latipes. 
♦Calliopius  Isviusculus  (chart  90). 
*Fbntogenia  inennis  (chart  91). 

Dexamine  thea. 
*6atea  sectmda  (chart  93). 

Gammanis  locusta. 
^ammarus  annulatus  (chart  93). 


*£la8Qioptis  Ificvis  (chart  94). 

Gammarellus  angulosus. 

Microdeutopus  danmoniensis. 
*Autonoii  smithi  (chart  95). 
*Ptilocheirus  pinguis  (chart  96). 

Podoceropsis  nitida. 
*Amphitho€  rubricata  (chart  97). 

Amphitho€  longimana. 

Sunamphitho€  pelagica. 

Ischyiocerus  anguipes. 
*Ja8sa  mannorata  (chart  98). 

Ofubia  oompta. 

Ericthonius  rubricomis. 
*£ricthonius  minax  (chart  99). 
*Coit>phium  cylindricum  (chart  100). 
*Unicola  irrorata  (chart  loi). 
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The  19  commonest  species  of  ampbipods  are  herewith  grouped  with  reference  to  their 
known  range  upon  our  coast.    The  ranges  stated  are  those  given  by  Hohnes  (1905). 

Noriht/fard  tanging. 

Ampelisca  maoocephala Off  Halifax  to  Newport. 

Calliopius  Iseviusctdus Greenland  to  Narragansett  Bay. 

Fbntogenia  inennis Arctic  Ocean  to  Vineyard  Sound. 

Ptilocheirus  pinguis Labrador  to  New  England. 

Amphitho^S  rubricata Labrador  to  Newport. 

Unciola  inorata Greenland  to  New  Jersey. 

iBginella  longicomis Greenland  to  Narragansett  Bay. 

Southward  ranging. 

?Haustoritis  arenarius Cape  Cod  to  Georgia,  Norway,  British  Isles. 

Elasmopus  lavis Provincetown,  Mass.,  to  New  Jersey. 

Ericthonius  minax Vineyard  Sound  to  Great  Egg  Harbor,  N.  J. 

Corophium  cylindricum Provincetown,  Mass.,  to  New  Jersey. 

Caprella  geometrica Southern  coast  of  New  England  to  \^rginia. 

Of  uncertain  position. 

Lysianopsis  alba Woods  Hole. 

Ampelisca  spinipes Long  Island  Sound,  Woods  Hole.    (Norway.) 

Byblis  serrata Woods  Hole,  Newport. 

Batea  secunda Woods  Hole. 

Gammarus  annulatus Vmeyard  Sound,  Gloucester. 

Autono€  smithi Vineyard  Sound  and  Buzzards  Bay. 

Jassa  marmorata Woods  Hole  region. 

Thus  thgre  seems  to  be  a- slight  excess  of  northern  over  southern  species  among 
those  19  amphipods  which  we  have  dredged  most  frequently.  Little  importance  is  to 
be  attributed  to  this  fact,  however,  in  considering  which  element  is  preponderant  in 
our  fauna,  particularly  since  for  more  than  one-third  of  these  commoner  species  the 
range  is  not  known  with  any  degree  of  completeness. 

VI.   ISOPODA. 

This  order  is  represented  in  the  local  fatma  by  25  or  more  species,  of  which  10 
were  recorded  from  our  dredging  stations  and  at  least  7  more  were  taken  by  col- 
lectors from  the  lalx)ratory  during  the  progress  of  the  Survey.  One  of  these  (Erich- 
sanella  attenuata)  is  here  recorded  for  the  first  time  for  this  region. 

Our  knowledge  of  this  group  in  New  England  waters  is  due  chiefly  to  the  labors 
of  O.  Harger  and  Dr.  Harriet  Richardson.  To  the  latter  authority  we  are  indebted 
for  the  identification  of  some  of  our  earlier  specimens,  though  the  greater  part  of  the 
material  was  determined  by  Dr.  Osbum.  The  nomenclature  employed  by  Miss  Rich- 
ardson has  been  adopted  by  us  without  modification. 

Twenty-one  species  of  isopods  were  listed  by  Harger  in  the  "Invertebrate  Animals 
of  Vineyard  Sound,"  of  which  only  a  small  proportion  were  at  that  time  recorded  for 
definitely  stated  points  within  the  limits  of  the  region.  In  a  later  paper  (1880)  the 
group  was  treated  much  more  fully  by  this  writer. 
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The  Canadian  list  of  Whiteaves  records  about  the  same  number  of  'laopods  (26)  as 
have  been  listed  for  Woods  Hole.  Of  these,  nearly  half  (12)  are  common  to  the  two 
lists.  A  somewhat  greater  numt)er  (30)  is  comprised  in  the  Plymouth  list,  of  which 
only  5  appear  to  be  common  to  our  local  faima.  Twenty-four  species  have  been 
recorded  by  Herdman  for  the  Irish  Sea,  while  Graeffe  lists  51  species,  some  of  which, 
however,  are  terrestrial. 

The  representation  of  this  order  in  our  dredgings  is  very  slight.  The  figure  repre- 
senting the  average  ntunber  of  species  per  dredge  haul  is  only  0.4,  while  not  a  single 
spedes  was  taken  with  sufficient  frequency  to  occur  at  one-fourth  or  more  of  the  sta- 
tions. The  species  having  the  widest  occurrence  was  Idothea  phosphorea,  which  was 
taken  at  72  of  the  regular  stations. 

Only  four  species  of  this  order  were  dredged  by  us  with  any  frequency,  and  one 
of  these  (Idothea  haltica)  probably  finds  its  more  proper  habitat  among  rockweed  and 
eelgrass,  whether  growing  alongshore  or  floating  at  the  surface.  It  is  thus  possible 
that  all  of  the  specimens  which  were  dredged  by  us  actually  came  from  floating  material 
of  this  sort.® 

One  of  the  other  species,  Leptochelia  savignyi  was  only  taken  at  11  stations,  and 
these  were  all  inshore  stations  of  the  Phalarcpe  series.  The  species  is  abundant  among 
floating  weed,  upon  piles,  etc.,  and  probably  does  not  belong  to  our  deeper  water  fauna. 

The  two  remaining  species  {Idothea  phosphorea  and  Erichsonella  fUiformis)  appear 
with  considerable  frequency  in  our  dredging  records.  Of  these  the  latter  appears  to  be 
of  pretty  general  distribution,  occurring  with  nearly  the  same  relative  frequency  in  the 
Bay  and  the  Sound,  while  the  former  is  in  a  large  d^ree  restricted  to  the  Sound,  appear- 
ing in  the  Bay  records  only  from  stations  near  the  lower  end,  in  the  vicinity  of  land.* 


Isopods  dredged  by  the  Survey. 


*Leptochelia  savignyi  (chart  103). 

Cirolana  conchanim. 

Chiridotea  cseca. 

Idothea  metallica. 
*Idothea  baltica  (chart  104). 


*  Idothea  phosphorea  (chart  105). 

Edotea  acuta. 

Edotea  montoea. 
^Erichsonella  filiformis  (chart  106). 

Stegophryxus  hyptius. 


Of  the  four  commoner  species,  one  (Idothea  phosphorea)  may  be  regarded  as  pre- 
dominantly northern,  having  a  range  upon  our  coast  which  is  stated  by  Miss  Richardson 
as  "coast  of  New  England  to  Halifax,  Nova  Scotia,  and  the  Gulf  of  St.  Lawrence." 

Two  of  the  species  may  be  regarded  as  predominantly  southern,  as  follows: 

Leptochelia  savignyi Piovincetown,  Mass.,  to  southern  New  Jersey  (England  to  Senegal). 

Erichsonella  filiformis Nantucket  Sound  to  Florida  and  the  Bahamas. 

One  of  the  species  (Idothea  baltica)  may  be  regarded  as  cosmopolitan,  having  been 
recorded  from  points  as  widely  removed  as  Java  and  the  Baltic  Sea.  On  our  coast  it 
is  said  to  range  ''from  Nova  Scotia  and  Gtdf  of  St.  Lawrence  to  North  Carolina." 

«  Mias  Richardaoii  gives  the  bathymetric  nmce  ol  thit  apcdes  m  "lurface  to  1x9  fsthoms." 
>  Onr  X909  dredghics  ooofirm  these  statements  as  to  both  spedes. 
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Vn.   SCHIZOPODA,  CUMACEA,  STOMATOPODA. 

Little  attention  has  been  given  to  the  local  representatives  of  the  first  of  these 
groups  since  the  work  of  S.  I.  Smith  in  1879.  The  majority  of  the  determined  species 
of  Schizopoda  in  our  list  are  included  solely  upon  the  authority  of  Prof.  Smith  and 
of  Miss  Rathbun.  Schizopods  teem  in  the  local  plankton  at  certain  seasons  of  the 
year,  and  specimens  are  occasionally  taken  in  the  dredge,  though  it  is  not  at  all  certain 
that  such  specimens  are  actually  brought  up  from  the  bottom.  Only  one  species  from 
our  dredging  collections  {Nyciiphanes  norvegica)  has  been  definitely  identified,  since  we 
have  unfortimately  been  unable  to  find  anyone  who  would  undertake  the  task  of 
determining  our  local  Schizopoda.  It  will  be  seen  that  this  order  has  a  greater  repre- 
sentation in  each  of  the  foreign  lists  which  have  been  summarized  in  our  comparative 
table.     In  the  Plymouth  list,  indeed,  the  number  is  nearly  five  times  as  great. 

Members  of  the  order  Cumacea  are  rather  common  in  the  Woods  Hole  plankton, 
and  have  occasionally  been  met  with  during  the  dredging.  Dr.  W.  T.  Caiman  (1912) 
has  recently  prepared  a  report  upon  the  Cumacea  of  the  U.  S.  National  Museum. 
Eight  of  these  species  are  recorded  from  definite  points  within  the  Woods  Hole  Region, 
two  of  them,  indeed,  being  described  from  specimens  obtained  locally.  One  determined 
species  (Leptocuma  minor)  was  taken  during  the  Survey  dredging. 

The  Stomatopoda  are  represented  in  our  waters  by  three  species,  of  which  only  one 
(the  common  "Squilla")  is  at  all  familiar.  None  of  these  species  occur,  however,  in 
the  dredging  records. 

VIII.   DECAPODA. 

This  group,  comprising  the  largest  and  most  familiar  of  our  Crustacea,  is  represented 
locaHy  by  55  species,  including  four  which  are  listed  doubtfully.  These  are  assignable 
to  20  families  and  37(  4-  2  ?)  genera.  Of  the  total  number  of  spedes  listed  by  us,  27(  +  2  ?), 
or  almost  exactly  one-half,  were  taken  during  the  survey  dredging.  Many  others  were 
collected  by 'our  parties  along  shore,  upon  gulf  weed,  or  elsewhere,  while  a  few  are 
recorded  wholly  on  the  authority  of  previous  writers.  Several  of  the  species  (Portunus 
ordwayi,  AretuBus  cribrariuSf  PaUBinon  tenutcomis,  and  perhaps  Dissodactylus  melliUB) 
bad  not,  so  far  as  we  know,  been  previously  listed  for  the  shores  of  New  England. 

The  published  sources  of  information  respecting  the  occurrence  of  this  group  are 
many.  The  chief  contributors,  so  far  as  our  New  England  species  are  concerned,  have 
been  S.  I.  Smith  and  M.  J.  Rathbun. 

Smith,  in  the  "Report  upon  the  Invertebrate  Animals  of  Vineyard  Sound,"  listed 
36  species  of  decapods,  of  which  not  over  a  third  were  definitely  recorded  for  specified 
points  within  the  region,  while  at  least  5  were  extralimital. 

In  her  **List  of  the  Crustacea"  (** Fauna  of  New  England"  series),  Miss  Rathbun 
has  included  all  but  four  of  the  decapods  comprised  in  our  own  list,  together  with  many 
others  which  are  peculiar  to  more  northern  waters. 

Whiteaves  lists  34  decapods  for  the  waters  of  eastern  Canada,  of  which  12  are 
common  to  the  Woods  Hole  region.  The  Plymouth  catalogue  contains  71  representa- 
tives of  this  order,  of  which  only  3  appear  to  be  common  to  our  Woods  Hole  fauna. 
Herdman  lists  61  decapods  for  the  Irish  Sea,  while  73  are  comprised  in  GraefiPe's  catalogue 
for  the  Gulf  of  Trieste. 
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Most  of  the  decapods  collected  by  us,  being  of  large  size  and  having  rather  obvious 
specific  distinctions,  were  listed  with  full  confidence  in  the  field.  The  others  were,  for 
the  most  part,  referred  to  Miss  M.  J.  Rathbun,  to  whom  we  are  likewise  indebted  for 
criticizing  our  check-list  of  local  decapods  and  for  information  generously  given  through- 
out the  progress  of  this  work.  To  Dr.  R.  P.  Bigelow  we  are  indebted  for  the  identifica- 
tion of  a  number  of  specimens  collected  during  the  first  season  of  the  dredging  work. 

Errors  due  to  the  confusion-of  one  species  with  another  in  our  dredging  records  are 
probably  negligible  in  extent,  excepting,  perhaps,  such  as  may  relate  to  the  small  crabs 
of  Panopeus  group  (now  split  into  several  genera).  Upon  this  point  the  reader  is 
referred  to  the  statements  made  under  the  head  of  Eurypanopeus  depressus,  Neopanope 
texana  sayi,  and  Hexapanopeus  angustifrons  in  the  annotated  list.  It  seems  possible 
that  specimens  identified  by  the  collectors  as  '*Panopeus  sayi"  were  in  some  cases 
referable  to  one  of  the  other  species.  It  is  probable,  however,  that  the  great  majority 
of  these  crabs  actually  belong  to  the  species  last  named,  since  none  of  the  others  are 
comparable  with  it  in  respect  to  frequency  of  occurrence.  The  examination  of  a 
large  number  of  our  spedmeqs  by  Miss  Rathbun  indicates  that  Eurypanopeus  depressus 
is  at  present  comparatively  rare  in  these  waters,  being  by  no  means  the  common  species 
which  one  would  infer  it  to  be  from  the  statements  of  Smith. 

The  average  numl)er  of  species  of  decapods  recorded  by  us  from  the  458  r^^ular 
stations  of  the  Survey  is  3.5  per  dredge  haul.  By  far  the  most  prevalent  single  species 
was  Pagurus  longicarpus,  which  was  recorded  from  290,  or  over  60  per  cent,  of  the 
stations.  Those  species  which  were  dredged  at  one-fourth  or  more  of  the  total  number 
of  stations  (arranged  in  order  of  frequency)  are: 

Number  ol  sUtaons. 

Pagurus  longicarpus 290 

Cancer  irroratus 209 

Pagurus  annulipes 196 

Libinia  emarginata 192 

Crago  septemspinosus 169 

Neopanope  texana  sayi 143 

For  the  various  groups  of  dredging  stations  and  for  the  various  types  of  bottom 
the  averages  are  surprisingly  uniform.  The  following  figures  are  taken  from  the  tables 
on  pages  78  and  79 : 

Vineyard  Sound: 

Fish  Hawk 3. 8 

Phalarope 3. 2 

Buzzards  Bay: 

Fish  Hawk 3. 4 

Phalarope 3.  2 

Type  of  bottom: 

Sand 3.5 

Stones  and  gravel 3.  5 

Mud 3. 6 

The  lists  of  "prevalent**  species  for  these  different  groups  of  stations  are  likewise 
surprisingly  tmiform  in  respect  to  the  species  comprised.  Of  the  6  species  listed  for 
one-fourth  or  more  of  the  total  nimiber  of  stations,  3  appear  in  all  seven  of  the  lists 
of  ** prevalent"  species;  2  others  appear  in  all  but  one  of  these  lists,  while  the  remaining 
species  appears  in  five  of  the  seven  lists.  The  lists  of  ** prevalent'*  species  for  the  three 
types  of  bottom  comprise  5  species  each.    Of  these,  4  are  common  to  all  three  lists. 
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Of  the  13  species  for  which  distribution  charts  have  been  presented,  8  are  of  more 
or  less  general  occurrence  throughout  the  Sound  and  the  Bay,  so  that  their  distribution 
bears  little  apparent  relation  to  the  character  of  the  bottom.  For  this  reason  no  such 
sharp  division  between  Bay-dwelling  and  Sound-dwelling  species  can  be  made  here,  as 
was  possible,  for  example,  with  the  Annulata.  The  species  whose  distribution  is  most 
dearly  determined  by  the  nature  of  the  bottom  is  the  "lady  crab,"  Ovalipes  oceUatus. 
It  will  be  seen  from  the  chart  that  this  crab  is  for  the  most  part  restricted  to  the 
western  half  of  Vineyard  Sound,  where  the  bottom  is  known  to  consist  for  the  most 
part  of  clear  sand.  That  this  peculiarity  in  the  distribution  of  Ovalipes  is  related  to 
the  character  of  the  bottom  is  shown  by  the  fact  that  it  was  dredged  by  us  several 
times  near  the  head  of  Buzzards  Bay,  i.  e.,  in  the  warmest  waters  of  the  region,  while 
it  is  a  matter  of*  common  knowledge  that  this  species  frequents  sandy  bottoms  in 
shallow  water. 

Other  species  which  appear  upon  the  chart  as  restricted  wholly  or  chiefly  to 
Vineyard  Sound  are  Pinnotheres  maculatus,  Cancer  barealis,  Pelia  mutica,  and  Pagurus 
acadianus.  The  first  of  these  is  commensal  in  the  mussels.  Modiolus  modiolus  and 
MytUus  edulis  and  in  the  common  scallop,  Pecten  gibbus.  The  distribution  is  thus 
dependent  upon  that  of  the  hosts.  The  most  frequent  host.  Modiolus  modiolus^  was, 
however,  very  scarce  in  Buzzards  Bay,  while  MytUus  was  found  living  only  near  the 
lower  end.  The  occurrence  of  this  spedes  in  the  dredging  records  is  likewise  dependent, 
of  course,  upon  whether  or  not  the  mussels  from  a  given  station  were  opened  and 
examined  for  the  crabis.  This  was  probably  done  more  commonly  in  Vineyard  Sound 
than  in  Buzzards  Bay.  Pinnotheres  has  been  taken  by  us  at  two  supplementary  stations 
in  the  Bay,  on  one  occasion  ii^  Pecten,  on  the  other  in  Modiolus. 

Cancer  borealis  was  recorded  from  only  one  regular  station  in  the  Bay,*  and  its 
occurrence  there  is  certainly  infrequent.  It  is  most  common  at  the  western  end  of 
Vineyard  Sound,  though  taken  sparingly  throughout  its  length.  The  absence  of  this 
spedes  from  the  Bay  is  probably  due  in  part,  at  least,  to  the  temperature  factor. 

Pelia  muiica  is  much  less  common  in  the  Bay  than  in  the  Sound,  and  its  occurrence 
in  the  former  is  restricted  mainly  to  the  inshore  stations.  The  distribution  of  this 
spedes  displays  certain  other  peculiarities  which  will  be  discussed  under  the  head  of 
temperature. 

Pagurus  acadianus  was  not  recorded  once  from  the  Bay,  nor  indeed  was  it  recorded 
from  the  eastern  half  of  Vineyard  Sound.  Here,  too,  temperature  rather  than  bottom 
seems  to  be  the  determining  factor. 

As  is  weU  known,  the  distribution  of  many  of  the  littoral  spedes  of  decapods  is 
conditioned  by  the  character  of  the  shore.  Certain  forms  (e.  g.,  the  fiddler  crabs)  are 
chiefly  confined  to  muddy  situations;  others  (Palcemonetes  vulgaris  and  Hippolyte 
zostericola)  are  found  mainly  in  the  beds  of  ed  grass,  while  the  common  '*Hippa'*  burrows 
in  the  sand  at  low-tide  mark,  etc.  It  is  therefore  rather  surprising  to  find  how  few  of 
the  deeper  water  spedes  are  distributed  in  accordance  with  the  character  of  the  bottom. 

Much  more  striking,  on  the  other  hand,  are  the  examples  of  distribution  in  accord- 
ance with  temperature.  While  many  of  our  spedes  display  no  restriction  whatever  in 
relation  to  this  factor,  certain  others  are  pretty  definitdy  limited  to  the  colder  waters 
of  the  region,  while  others  still  appear  to  avoid  these  colder  waters,  although  dsewhere 

•  Ifftter  at  two  supplementary  stations  near  the  lower  end. 
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of  general  distribution.     These  types  will  be  considered  separately.    The  ranges  here 
stated  have  been  furnished  by  Miss  Rathbun. 

Species  found  predominantly  in  ike  colder  yfaten, 

Pagurus  acadianas Prom  the  Grand  Bank  of  Newfoundland  to  the  mouth  of  Chesapeake 

Bay. 
Cancer  borealis Nova  Scotia  to  deep  water  off  South  Carolina. 

Considering  the  range  in  latitude  alone,  it  is  questionable  whether  we  may  fairiy 
assign  either  of  these  species  to  the  ** northern*'  group.  In  both  cases,  however,  it  is 
possible  that  their  occurrence  in  southern  waters  is  restricted  to  considerable  depths. 

Two  other  species  (not  plotted)  which  were  taken  by  us  only  at  the  open  ends  erf 
Vine)rard  Sound  and  Buzzards  Bay  and  at  Crab  Ledge  are  Hyas  coarctatus  and  Pandalus 
leptocerus.  These  may,  perhaps,  be  regarded  as  predominantly  northern  species,  though 
they  are  recorded  (depth  not  stated)  for  points  far  to  the  southward  on  our  coast. 

Species  which  seem  to  avoid  the  colder  waters ,  though  elsewhere  of  general  occurrence, 

Pagurus  annulipes Nantucket  Sound  to  Indian  River,  Pla. 

Pelia  mutica Vineyard  Sound  to  West  Florida. 

Neopanope  texana  sayi Provincetown  to  East  Florida. 

Another  species,  Pagurus  pollicaris,  might  perhaps  l)e  added  to  this  list.  This 
hermit  crab,  it  will  be  seen,  was  not  recorded  from  the  stations  at  the  extreme  western 
end  of  Vineyard  Soimd,  though  elsewhere  prevalent.  The  case  is  not  so  striking,  how- 
ever, as  those  mentioned  previously.  The  range  of  this  latter  species  is  said  to  extend 
from  Cape  Cod  Bay  to  South  Carolina. 

None  of  these  four  species  are  recorded  by  us  from  Crab  Ledge.  All  show,  or  appear 
to  show,  an  avoidance  of  the  coldest  waters  of  Vineyard  Sotmd,  and  all  are  predomi- 
nantly southern  in  their  distribution  upon  our  coast.  It  seems  quite  likely,  therefore, 
that  temperature  has  been  the  factor  responsible  for  the  peculiarities  in  their  local 
distribution. 

Mention  may  appropriately  be  made  here  of  certain  species  from  southern  waters 
which  do  not  properly  belong  to  our  local  fauna  at  all.  Among  these  are  four  crabs 
{Planes  minutus,  Portunus  sayi,  Pariunus  ardwayi,  and  Arenaus  cribrarius)  and  two 
shrimps  {Petueus  brasiliensis  and  Latreutes  ensiferus).  In  nearly  all  cases  these  species 
have  been  found  upon  the  floating  gulf  weed  {Sargassum  bacciferum),  which  is  the  home 
of  so  many  waifs  from  the  far  south. 

On  the  other  hand,  several  shrimps  of  the  genus  Spirontocaris,  which  are  known  to 
be  representatives  of  a  northern  fauna,  have  only  been  taken  from  the  outlying  colder 
waters  of  the  region. 

Very  few  species  among  those  dredged  by  us  showed  any  evident  restrictions  as  to 
depth.  This  statement  does  not  hold,  however,  for  Ovalipes  ocellatus,  Cancer  borealis^ 
and  Pagurus  acadianus.  All  of  these  were  dredged  most  frequently  at  depths  of  lo 
fathoms  or  more,  despite  the  comparatively  small  number  of  dredging  stations  at  whidi 
such  depths  were  recorded.  Ovalipes,  as  we  have  seen,  is  by  no  means  to  be  r^^arded 
as  a  deep-water  crab,  since  it  is  known  to  be  common  on  sand  flats  in  shallow  water. 
The  greater  average  depth  of  the  stations  from  which  it  was  recorded  results  from  its 
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prevalence  in  the  middle  of  the  Sound  near  the  western  end.  The  bottom  here  is  largely 
of  dean  sand  and  many  typical  sand-dwelling  species,  such  as  EchinarachtUus  parma 
and  various  flounders,  consequently  flourish  in  this  area.  Cancer  borealis  and  Pagurus 
acadianus,  on  the  other  hand,  are  probably  limited  to  the  deeper  waters  on  account  of 
the  lower  temperatures  prevalent  there.  The  latter  species  was  taken  only  four  times 
by  the  Phalarope,  though  dredged  at  41  of  the  Fish  Hawk  stations  in  Vineyard  Sound. 

Among  our  local  decapods  we  find  a  number  of  cases  wherefinteresting  differences 
of  habitat  are  displayed  by  the  various  species  within  a  genus.  Only  a  few  such  may 
be  mentioned  here.  The  differences  in  habitat  shown  by  the  two  local  members  of  the 
genus  Cancer  have  already  been  referred  to.  These  differences  seem  to  relate  to  tem- 
perature, depth  (if  this  is  really  an  independent  factor),  and  perhaps  to  character  of 
bottom.  One  Libinia  (L.  emarginata)  is  of  almost  universal  occurrence  throughout 
both  the  Bay  and  the  Sound;  the  other  (L.  dvhia)  appears  to  be  restricted  to  shallow, 
inclosed  waters.  Although  it  is  known  to  be  abundant  at  some  of  these  points,  we  do 
not  have  a*  single  authentic  record  of  its  occurrence  in  the  dredgings.^  The  difference 
displayed  by  the  various  local  representatives  of  the  genus  Pagurus  have  likewise  been 
discussed  in  another  connection.  The  almost  complementary  character  of  the  distribu- 
tion patterns  for  P.  acadianus  and  P.  annulipes  is  especially  to  be  noted 

The  following  decapods  were  taken  with  the  dredge  during  the  operations  of  the 
Survey.  The  asterisk,  as  usual,  denotes  species  which  were  recorded  from  10  or  more 
dredging  stations.     For  all  of  these,  charts  have  been  plotted. 


Pandalus  montagui. 

Pandalus  leptocerus. 

Hippolyte  zostericola. 

Spirontocaris  groenlandica. 

Spinmtocaris  pusiola. 
*Qi3gq  septemspinosus  (chart  107). 
^Homarusamericanus  (chart  108). 

Callianassa  stimpscmi. 
^Pagurus  poUicaris  (chart  109). 
*Pagtirus  acadianus  (chart  no). 
*Pagurus  longicarpus  (chart  in). 

Pagurus  kioyeri. 
*PBguru8  annulipes  (chart  iza). 

Heteiocrypta  granulata. 

Hyas  coarctatus. 

Grouping,  as  usual,  the  more  prevalent  species  according  to  the  extent  of  their 
known  range  upon  our  coast,*  we  have — 

Pftdominantly  northern  forms. 

Homarus  americanus Labrador  to  New  Jersey. 

Pagurus  acadianus Grand  Bank  of  Newfoundland  to  the  mouth  of  Chesapeake  Bay. 

(Northern?). 

a  A  few  man  spedmau  were  thos  identified  tt  first,  but  further  Quite  extensive  collecting  has  thrown  douht  upon  these 
drtfHiiiiiations. 

fr  We  are  indebted  to  Miss  Rathbun  for  these  statements  as  to  range. 


*Pelia  mutica  (chart  113). 
^Libinia  ematginata  (chart  114). 
?Libinia  dubia  (very  young). 
^'Cancer  inoratus  (chart  115). 
*Cancer  borealis  (chart  116). 
?Callinectes  sapidus  (fragment). 
•Ovalipes  ocellatus  (chart  117). 

Panopeus  herbstii. 
*Neopanope  texana  sayi  (chart  118). 

Hexapanopeus  angustifrons. 
^Pinnotheres  maculatus  (chart  119). 

Pinnixa  chetopterana. 

Pinnixa  sayana. 

Dissodactylus  mellits. 
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Predominantly  southern  formt^ 

Pagunis  pollicaris Cape  Cod  Bay  to  South  Caiotina. 

Pagunis  longicarpus Cape  Aim»  Mass.,  to  Texas. 

Pagurus  annulipes Nantucket  Sound  to  Florida. 

Pella  mutica Vineyard  Sound  to  West  Florida. 

Libinia  emarginata Casco  Bay  to  West  Florida. 

Ovalipes  ocellatus Provincetown  to  the  Gulf  of  Mexico. 

Neopanope  texana  sayi  ..*....  Provincetown  to  East  Florida. 
Pinnotheres  maculatus Cape  Cod  to  Texas. 

Cf  approximately  equal  range  north  and  south, 

Crago  septemspinosus East  Florida;  Arctic  Alaska. 

Cancer  irroratus Labrador  to  South  Carolina. 

Cancer  borealis From  Nova  Scotia  to  deep  water  oft  South  Carolina. 

Thtis,  as  in  the  case  of  the  Annulata  and  indeed  of  the  majority  of  other  groups,  the 
commoner  local  Decapoda  are  predominantly  southward  ranging  species,  whije  only  two 
of  them  are  to  be  regarded  as  predominantly  northern.  Of  these  two,  indeed,  one  is 
only  doubtfully  so  classified,  while  both  of  them  occur  far  to  the  southward  of  the  Woods 
Hole  region.  The  inclusion  of  various  stragglers,  both  from  the  north  and  south,  would, 
of  course,  increase  both  lists,  but  much  the  same  proportions  would  probably  be  main- 
tained. 

IX.    XIPHOSURA. 

This  order  has  been  established  to  include  the  genus  Limulus,  a  group  of  organisms 
having  both  crustacean  and  arachnidan  affinities.  Limulus  polyphemus,  our  only 
American  species,  was  very  seldom  taken  during  the  survey  dredgings,  being  primarily 
a  shallow-water  animal.  With  respect  to  its  distribution,  it  is  predominantly  a  south- 
ward-ranging form,  occurring,  according  to  Verrill,  from  Casco  Bay  to  Florida.  It  has 
not  been  recorded  for  Canadian  waters. 

X.   PYCNOGONIDA. 

Of  the  sea  spiders  only  6  species  appear  in  our  catalog^^,  and  of  these  6  one  is  per- 
haps extralimital.  Our  knowledge  of  the  New  England  species  is  due  in  large  measure 
to  the  labors  of  E.  B.  Wilson,  supplemented  recently  by  the  studies  of  L.  J.  Cole. 

Only  two  of  the  species  (Tanystylum  orbiculare  and  Anoplodactylus  lentus)  appear 
with  any  frequency  in  the  dredging  records.  The  local  distributions  of  these  two  species, 
80  far  as  these  are  shown  by  our  dredgings,  are  represented  in  charts  1 20  and  121.  Both 
species  are  seen  to  be  confined  almost  exclusively  to  Vineyard  Sound,  and  both  (partic- 
ularly Anoplodactylus)  appear  to  be  restricted  to  the  eastern  half  of  the  Sotmd.  One 
might  reasonably  expect  to  find  a  more  exact  correlation  between  the  distribution  of 
these  species  and  the  distribution  of  the  hydrdids  among  which  they  live.  But  little 
correlation  is  to  be  observed,  so  far  as  ou«  charts  go. 

The  smaller  and  less  conspicuous  of  these  two  pycnogonids  {Tanystylum  orbicu- 
lare) was  probably  frequently  overlooked  in  listing  the  contents  of  the  dredge,  and  it  is 
likely,  therefore,  that  this  species  is  of  more  frequent  occiurence  than  appears  frcnn 
our  records.     Its  distribution,  likewise,  may  be  somewhat  more  general. 

This  class  is  represented  in  our  list  by  a  smaller  ntunber  of  species  than  have  been 
recorded  for  any  of  the  other  stations  considered  in  our  comparative  table.*    To  vrtiat 

•  Bzcept  Trieste,  where  apparcnUy  no  record  hat  been  kept  of  the  PytnogooidA. 
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degree  this  is  due  to  the  small  number  actually  present  in  our  local  waters  and  to  what 
degree  it  is  due  to  an  insufficient  search  can  not  be  stated. 

The  ranges  of  our  two  commoner  species,  as  stated  by  Wilson,  are: 

Taaystylum  orbiculare From  off  Marthas  Vineyard  to  Virginia. 

Anoplodactylus  lentus Long  Island  Sound;  Woods  Hole;  Eastport,  Me.  (z  record).  <> 

Thus  the  former  appears  to  be  a  predominantly  southern  form,  while  for  the  latter 
the  data  are  insufficient  to  warrant  us  in  assigning  to  it  a  range. 

One  pycnogonid,  which  was  taken  upon  the  gulfweed  on  a  number  of  occasions, 
is  Endeis  spinosus  Montagu.  This,  like  the  gulfweed  fauna  in  general,  is  doubtless  an 
exotic  species  which  comes  to  us  from  southern  waters.  Its  presence  on  the  weed  is 
rather  unexpected,  considering  the  ordinary  habitat  of  this  species  in  European  waters. 

XI.   INSECTA   AND   ARACHNIDA. 

There  are,  of  course,  very  few  strictly  marine  insects  in  existence,  and  it  is  doubt- 
ful whether  any  of  our  local  species  can  be  so  regarded.  The  thysanuran  species 
Anurida  maritima  is,  however,  perhaps  as  nearly  marine  as  are  certain  of  our  littoral 
Crustacea.  Verrill  and  Smith  record  having  taken  in  the  vicinity  of  Woods  Hole  a 
number  of  insect  larvae,  which  appear  to  have  been  living  in  sea  water.  One  of  these  was 
described  by  Packard  as  a  new  species.  Most  of  the  insects  listed  in  that  report  were, 
however,  beach-dwelling  species,  which  seldom  or  never  enter  the  water. 

The  list  prepared  by  the  writers  comprises  for  the  greater  part  species  taken  in 
brackish  ponds  in  the  neighborhood.  Many  of  these  were  larvae,  and  about  half  of 
them  have  not  been  determined  specifically.  In  many,  if  not  most,  cases  these  insects 
are  ones  which  are  known  to  dwell  in  fresh-water  ponds  as  well  as  braclqsh  ones.  It 
has  been  thought  worth  while  to  include  them  Here,  however,  since  no  list  has  ever 
been  published  of  our  local  bracldsh-water  insects. 

The  single  arachnid  here  listed  (Chernes  ohlongus)  is  scarcely  to  be  regarded  as 
marine,  though  it  has  been  taken  under  stones  along  shore,  near  low-water  mark. 

9.  MOLLUSCA. 

Mollusks,  or  their  shells,  have  commonly  constituted  by  far  the  most  conspicuous 
feature  of  the  organic  contents  of  the  dredge.  In  respect  to  the  number  of  species 
likewise,  the  mollusks  have  generally  preponderated,  there  frequently  being  more  rep- 
resentatives of  this  group  contained  in  a  given  dredge  haul  than  of  all  the  other  phyla 
combined.  Likewise  the  total  number  of  moUuscan  species  recorded  in  the  course  of 
our  dredging  operations  is  considerably  greater  than  that  of  even  the  Crustacea,  though 
the  latter  group  preponderates  as  regards  the  niunber  recorded  for  the  region  as  a  whole. 
It  must  be  stated,  however,  that  the  vast  majority  of  specimens  taken  were  merely 
dead  shells,  and  that  many  species  were  rarely  or  never  taken  in  a  living  condition. 
This  preponderance  of  moUuscan  remains  in  our  dredging  records  is  obviously  due  to  the 
enduring  character  of  the  exoskeleton  of  these  animals,  which  insures  the  accumulation 
xA  shells,  even  in  the  case  of  the  less  common  spedes.  Another  fact  which  results 
directly  from  the  one  just  mentioned  is  the  relatively  great  frequency  with  which  most 
of  the  moUuscan  species  were  dredged.  Of  the  127  species  which  appear  in  our  dredg- 
ing records,  68,  or  more  than  half,  are  recorded  from  more  than  10  stations  each,  while 

o  This  is  to  be  regarded  as  a  doubtful  record. 
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23  of  these  moUusks  appear  in  the  list  of  species  which  were  taken  at  one-fourth  or 
more  of  the  total  number  of  stations.  Thus  exactly  one-half  of  the  latter  list  is  consti- 
tuted by  Mollusca. 

We  regard  oiu-  moUuscan  records  as  being,  on  the  whole,  relatively  complete  and 
comparatively  free  from  error.  The  species  are  for  the  most  part  bu^  and  easy  of 
identification.  Fortunately  for  the  collectors,  systematic  conchology  b  based  laiigdy 
upon  shell  characters,  so  that  the  determinaticms  could  commonly  be  made  with  a  high 
degree  of  confidence  in  the  field.  The  few  cases  among  the  larger  species  in  which 
confusion  was  believed  to  be  possible  were  early  recognized,  and  we  believe  that  errors 
respecting  such  forms  were  nearly  always  avoided  except  at  the  b^;inning  of  the  work. 
Wherever  doubt  was  felt,  and  especially  in  the  case  of  the  smaller  species,  specimens 
were  preserved  for  identification  by  specialists.  We  were  fortunate  enough  to  have 
the  assistance  of  such  well-known  authorities  as  Dr.  W.  H.  Dall  and  Dr.  Paul  Bartsch 
in  the  identification  of  the  less  familiar  species  of  shell-bearing  mollusks.  We  are  like- 
wise indebted  to  Dr.  Dall  for  the  critical  examination  of  our  manuscript  check  list 
and  for  suppl3dng  us  with  the  ranges  of  distribution  which  are  given  below.  The  classi- 
fication and  terminology  adopted  are  his.^  The  nudibranch  mollusks,  on  the  other  hand, 
including  many  specimens  taken  in  the  townet,  as  well  as  those  which  were  dredged, 
were  identified  by  Dr.  P.  M.  MacFarland,  of  Stanford  Univer^ty,  and  Dr.  MacParland 
has  likewise  kindly  revised  that  portion  of  the  manuscript  devoted  to  this  group. 

Certain  sources  of  error  have,  notwithstanding,  to  be  considered  in  the  records  for 
the  Mollusca.  Some  of  the  minute  forms  representing  the  genera  Turbaniila,  Odostamia, 
CcBcum,  Cylichna,  etc.,  were  doubtless  frequently  overlooked,  as  likewise  such  small 
species  as  Astyris  lunata,  Lacuna  puteola,  Triforis  nigrocinctus,  and  Bittium  mgrum. 
During  the  first  season's  work,  especially  when  less  thorough  methods  of  sifting  the 
bottom  deposits  were  employed,  it  is  likely  that  the  records  for  these  forms  were  much 
less  complete  than  they  were  later.  Again,  the  failure  to  use  a  canvas  mud  bag  and 
the  consequent  escape  of  the  finer  components  of  the  bottom  material  doubtless  resulted 
in  many  cases  in  the  loss  of  these  small  mollusks. 

As  already  mentioned,  it  was  found  that  during  the  rather  experimental  earlier 
work  of  the  Survey  certain  forms  having  a  dose  superficial  resemblance  had  been  con- 
fused with  one  another.  Since  it  is  believed  that  these  ambiguities  have  in  most  cases 
been  eliminated  by  special  dredgings  at  the  points  in  question,  they  can  not  seriously 
affect  the  value  of  our  results.  Some  of  the  smaller  species  of  Naiica  (Polynices)  were, 
it  is  believed,  wrongly  identified  in  the  field,  and  in  such  cases  these  records  have  been 
entered  merely  as  *  Polynices  sp."  Even  Polynices  triseriata  was  not  during  the  first 
season  always  listed  separately  from  Polynices  heros,  of  which  species  it  has  often  been 
regarded  as  a  variety  or  even  as  an  immature  stage.  In  consequence  of  this  the  records 
for  P.  heros  are  doubtless  somewhat  fuller  than  they  should  be,  those  for  P.  triseriata  being 
correspondingly  curtailed. 

In  a  few  cases,  notably  with  the  small  shells  of  the  genus  Turbonilla,  confusion  was 
brought  about  by  our  failure  to  recognize  the  presence  of  several  species  among  the 
specimens  taken.  Instead  of  preserving  samples  of  Turbonilla  shells  from  every  staticm 
at  which  they  were  encountered  it  frequently  happened  that  the  collectors  chose  sped- 

«  Ssccpt  that  wc  Iwve  Ktained  UwAmpliiaenn  in  A  separate  dMi.    Dr.  Dall  het  recently  <nictw«l  the  bcjkf  thet  they 
ooofftititte  '*  at  moet  an  order." 
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mens  from  one  of  the  dredge  hauls,  believing  these  all  to  be  of  one  species  and  therefore 
r^;arding  them  as  representative  of  the  specimens  taken  from  various  other  dredge 
hauls.  Since  an  examination  by  Dr.  Bartsch  revealed  the  presence  at  times  of  three 
or  four  species  of  TurbonMa  from  a  single  dredging  station,  it  is  obvious  that  such  rec- 
ords as  are  not  based  directly  upon  preserved  material  taken  at  one  station  are  worth- 
less so  far  as  specific  names  go.  It  has  been  necessary,  therefore,  to  record  a  large 
proportion  of  our  TurboniUas  merely  as  **  TurbonMa  sp.;"  and  thus  our  data  for  this 
interesting  genus  are  in  a  large  degree  rendered  valueless. 

There  are  some  other  possible  sources  of  error  in  interpreting  our  records  which 
have  no  relation  to  defects  of  method.  For  example,  for  certain  of  the  gastropods  the 
apparent  distribution  is  doubtless  much  more  extensive  than  the  actual  one,  owing  to 
the  transportation  of  their  shells  by  hermit  crabs.  This  is  notably  true  of  the  intro- 
duced periwinkle,  Littorina  Ittarea,  which  is  typically  and  indeed  almost  exclusively  a 
littoral  (infertidal)  species.  Nevertheless  the  shells  of  this  mollusk  were  found  at  131 
stations,  occurring  even  at  depths  of  10  or  15  fathoms.  Other  gastropods  whose  shells 
are  most  commonly  occupied  by  the  paguri  are  Tritia  triviUata,  Anachis  avara,  Ilyanassa 
obsoUia,  Polynices  heros,  P,  triseriaia,  P,  duplicata,  Busycon  canalictUatum,  B,  carica, 
Urosalpinx  cinereus,  and  Euplewra  caudata.  To  what  extent  the  distribution  of  these 
species,  as  plotted  in  the  charts,  has  been  the  result  of  transportation  by  hermit  crabs 
is  impossible  to  state.  It  is  not  recorded  in  all  instances  whether  or  not  a  given  shell 
was  inhabited  by  one  of  the  crabs,  and  in  any  case  the  presence  of  the  latter  in  a  shell 
would  not  by  any  means  prove  that  this  had  been  carried  to  any  great  distance  beyond 
the  point  where  the  mollusk  lived.  . 

In  the  case  of  certain  thin  shells  of  light  weight  it  is  quite  probable  tha/  the  tidal 
currents  have  often  been  instrumental  in  carrying  them  beyond  the  original  habitat  of 
the  animal,  though  we  can  not,  of  course,  assume  this  in  any  single  case.  Man,  like- 
wise, has  almost  certainly  been  responsible  for  the  occurrence  of  the  shells  of  one  species, 
at  least,  in  unexpected  localities.  The  large  oyster  shells  which  have  been  taken  not 
infrequently  in  various  parts  of  the  main  channel  of  Vineyard  Sound  have  probably 
been  cast  overboard  from  passing  vessels,  since  living  oysters  of  our  American  species 
are  not  known  to  occur  in  such  situations. 

In  the  charts  for  the  Mollusca,  as  for  other  shell-bearing  organisms,  we  have  indi- 
cated the  known  presence  of  living  specimens  at  a  given  station  by  means  of  a  circle 
surrounding  the  star.  It  must  not  be  inferred,  however,  that  only  dead  specimens 
were  taken  at  the  other  stations.  Absence  of  the  circle  denotes  either  that  the  occur- 
rence of  shells  only  was  specified  or  merely  that  living  specimens  were  not  recorded.® 
It  is  quite  certain  that  living  moUusks  were  of  much  more  frequent  occurrence  in  our 
dredge  haids  than  the  circles  upon  the  distribution  charts  would  imply.  This  is  prob- 
ably particularly  true  of  the  small  gastropods.  Indeed,  the  chiton  Chcetopleura  apicu- 
lata,  which  was  seldom  taken  except  alive,  was  not  commonly  de^gnated  as  living  or 
dead  in  the  dredging  records.  For  this  reason,  it  has  been  necessary  to  omit  the  circles 
from  the  chart. 

For  the  remainder  of  this  discussion  it  will  be  best  to  consider  the  classes  of  Mollusca 
separately. 

o  For  certain  moUuaks  we  have  employed  the  drde  whenever  the  nature  of  the  record  rendered  it  probable  that  living  speci« 
mens  were  taken,  even  though  this  was  not  expressly  stated.  For  exaq^ple,  the  note  "on  [or  in)  hermit  crab  shells."  when 
applied  to  Crepidula,  has  been  regarded  as  equivalent  to  a  record  of  living  spedmcns. 

X6269** — Bull.  31,  pt  I— 13 10 
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I.  PBLBCYPODA. 

Of  the  Uvalve  mollusks  7o(  +  6?)  species  have  been  recorded  belonging  to  31  fami- 
lies and  48(4- 1  ?)  genera.  Of  these,  57  species  were  taken  during  the  Survey  dredging 
and  6  of  them  were  new  to  the  region  when  first  collected  by  us.  So  far  as  known  no 
species  new  to  science  have  been  found. 

VerriU  and  Smith  in  1873  listed  84  spedes  of  lamellibranchs,  of  which,  however, 
only  61  were  recorded  for  specified  points  within  the  Woods  Hole  r^;ion,  although  the 
stated  ranges  of  12  others  would  render  their  occurrence  here  probable. 

In  subsequent  papers  Verrill  added  greatly  to  our  knowledge  of  the  north  Atlantic 
Mollusca,  but  most  of  these  later  papers  dealt  chiefly  with  collections  made  in  mudi 
deeper  waters. 

Before  Verrill,  Gould  (1841,  1870)  had  catalogued  the  Mollusca  of  this  state  in  his 
well-known  '*  Report  on  the  Invertebrata  of  Massachusetts."  There  were  here  included 
a  large  proportion  of  our  Woods  Hole  species,  though  comparatively  few  definite  records 
are  offered  by  Gould  relating  to  the  occurrence  of  mollusks  within  our  region. 

It  is  worthy  of  note  that,  although  our  list  of  local  Pelecypoda  is  probably  fairly 
complete,  it  is  considerably  exceeded  by  that  comprised  in  each  of  the  other  fauna] 
catalogues  which  have  been  summarized  in  our  comparative  table.  Thus  the  Canadian 
list  contains  100  species,  the  list  for  Plymouth  86,  that  for  the  Irish  Sea  io8(  +  3  ?)»  and 
that  for  the  Gulf  of  Trieste  107.  Thus,  even  in  those  cases  where  the  areas  comprised  are 
roughly  comparable,  the  other  regions  exceed  our  own  in  the  wealth  of  species.  Of  the 
100  Canadian  species  55  ( — 55  per  cent  of  Canadian  list,  or  about  75  per  cent  of  our  own) 
are  common  to  the  Woods  Hole  region.  On  the  other  hand  only  5  of  the  86  Plymouth 
species  are  known  to  be  common  to  our  own  fauna.' 

On  an  average  9.2  species  of  bivalve  mollusks  were  taken  per  dredge  haul  at  all  of  the 
458  r^^ular  statbns  of  the  Survey.  This  figure  is  considerably  larger  than  that  repre- 
senting any  other  class  of  organisms.  The  single  species  which  was  taken  most  fre- 
quently was  Area  transversa,  which  was  recorded  from  264  of  the  stations.  The  following 
is  a  complete  list  of  those  species  which  were  taken  at  one-fourth  or  more  of  our  dredging 
stations,  the  species  being  arranged  in  order  of  frequency: 

Number  dftaition. 

Area  transversa 264 

Anomia  simplex 256 

Ensis  directus 235 

Clidiophofa  gouldiana 234 

Spisula  solidissima 222 

Cardium  pinnulatum 2x9 

Mytilus  edulis 2x7 

Nucula  proxima 205 

Tellina  tenera 193 

Callocardia  mofriiuaxia X92 

Oraasiiiella  mactracea x82 

Pectcn  gibbus  borealis 162 

Corbida  oontracta 128 

Modiolus  modiolus 120 

•  At  almdy  pointed  out,  a  cutful  ftody  <d  synooyniy  mifht  remit  in  MiBewliftt  faicrreting  this  immbcr. 
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A  study  of  the  distribution  charts  shows  us  that,  whereas  a  considerable  number  of 
our  local  lamellibranchs  are  of  very  general  distribution  throughout  Vineyard  Sound 
and  Buzzards  Bay,  a  yet  greater  number  show  definite  restrictions  in  relation  either  to 
the  character  of  the  bottom  or  to  temperature.  The  part  played  by  the  bottom  in 
determining  the  wealth  of  lamellibranch  life  is  indicated  to  some  extent  in  the  figures 
representing  the  average  number  of  species  per  dredge  haul  taken  upon  the  three  chief 
types  of  bottom.    These  are:  Gravel  and  stones,  j^t,  sand,  9.8;  mud,  ii.o. 

These  figures  are  quite  in  accord  with  those  giving  the  average  number  of  species 
per  dredge  haul  in  the  Sound  and  the  Bay : 

Vineyard  Sound: 

Fish  Hawk 8.  a 

Fhalaiope 7.  5 

Buzzards  Bay: 

Fish  Hawk xx.  5 

Fhalaiope 11. 6 

It  is  not  evident,  however,  why  the  Phalarope  stations  of  the  Bay,  which,  on  the  whole 
were  decidedly  less  muddy  than  the  Fish  Hawk  stations,  should  none  the  less  show  a 
larger  number  of  species. 

The  lists  of  ""prevalent''  species  for  the  three  types  of  bottom  (i.  e.,  those  present  at 
one-fourth  or  more  of  the  stations)  display  a  degree  of  uniformity  which  was  unexpected 
in  view  of  the  above  shown  differences  in  the  wealth  of  species  per  dredge  haul.  The 
number  of  prevalent  species  (16)  is  the  same  for  sandy  as  for  muddy  bottoms,  while  13 
such  species  are  listed  for  bottoms  of  gmvel  and  stones.  Of  these,  9  are  common  to  the 
three  lists. 

Passing  to  a  consideration  of  the  charts  (122-160)  we  find  a  considerable  variety 
among  the  distribution  patterns,  but  it  seems  possible  to  reduce  these  to  comparatively 
few  types.    These  last  are  not,  however,  to  be  distinguished  sharply  from  one  another. 

Of  general  distribution. 
Anomia  simplex. 

Pecten  gibbtis  borealis  (scarce,  however,  in  center  of  Bay). 
Area  transversa. 
Nucula  pioxima. 
Cardium  pinntilatum. 
Callocardia  morrhuana. 
Tellina  tenera. 
Ensis  directus. 
Clidiophora  gouldiana. 

General  in  the  Sound;  common  in  the  Bay,  but  restricted  to  inshore  stations, 

Grassinella  mactracea. 

Divaricella  qnadrisukata  (only  20  stations  altogether). 

Ctimingia  tellinoides  (not  exactly  general  in  Sound,  and  some  records  for  middle  of  Bay). 

Spisula  solidissima  (some  records  for  middle  of  Bay). 

Cochlodesma  leanum. 

Corbula  contracta. 

General  in  the  Sound;  in  the  Bay,  restricted  to  lower  half. 

Mytilns  ednlis. 
Astarte  caatanea. 
Petricola  pholadiformis. 
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RtstficUd  wholly  or  ckufiy  to  tkt  Sound. 
Anomia  aculeata. 
Pecten  magellanictts. 

Modiolus  modiolus  (a  few  inshore  stations  in  Bay). 
Crenella  glandtila. 
Area  ponderosa. 
Venericardia  borealis. 
Thracia  conradi. 

RtstficUd  wholly  or  chiefly  to  tht  Bay. 
Arcapexata. 
Yoldia  limatula. 

Solemya  velum  (confined  to  inshore  stations). 
Lsevicarditmi  mortoni  (most  abtmdant  at  inshoce  stations). 
Venus  mercenaria. 

Tagelus  gibbus  (oonfined  to  inshore  stations). 
Macoma  tenta. 
Mulinia  lateralis. 
Mjra  arenaria  (confined  to  inshore  staticns). 

It  will  be  noted  that  even  some  of  those  species  which  are  restricted  to  Buzzards  Bay 
{Solemya  velum,  Tagelus  gibbus,  Mya  arenaria)  are  found  there  only  at  the  inshore 
stations.  Another  species  which  is,  on  the  wh<^e,  restricted  to  these  stations,  both  in 
the  Bay  and  the  Sound,  is  Lyonsia  hycUina, 

An  anal3rsis  of  our  records  shows  that  certain  species  appear  to  exhibit  marked 
preferences  as  to  the  depth  of  the  water  which  they  occupy.  The  following,  for  p-rampU^ 
are  in  considerable  degree  restricted  to  depths  of  5  fathoms  or  less: 

Pecten  gibbtts.  Tagelus  gibbus. 

Area  pexata.  Lyonsia  hyalina. 

Solemya  veltmi.  Mya  arenaria. 

Four  of  these  six  species  are  those  which  have  just  been  mentioned  as  restricted  to 
the  inshore  stations. 

Species  which  were  dredged  most  frequently  at  depths  of  10  fathoms  or  more«  are: 

Pecten  magellanicus.  Astarte  tmdata. 

Modiolus  modiolus.  Astarte  castaneA. 

Modiolaria  nigra.  Cjrdas  islandica. 

Crenella  glandula.  Thracia  conradi. 
Venericardia  borealis. 

With  the  exception  of  the  two  species  of  Astarte,  all  of  those  comprised  in  this  last 
list  will  be  found  in  the  list  of  predominantly  northern  species  given  below.  And,  with 
the  exception  of  Astarte  castanea  and  Modiolus  modiolus,  all  are  more  or  less  restricted 
to  the  colder  portions  of  the  Sotmd  and  the  Bay.^  Reference  to  the  charts  shows  that 
the  remaining  seven  species  occur  wholly  or  predominantly  in  the  western  half  <rf  Vineyard 
Sound  and  the  lower  end  of  Buzzards  Bay.  Five  of  these  species  (Pecten  magellamcus, 
Crenella  glandula,  Venericardia  borealis,  Astarte  undata,  and  Cyclas  islandica)  were  like- 
wise taken  at  Crab  Ledge,  where,  as  we  have  seen,  many  of  our  typical  colder  water 

aDcpthi  d  xofathoiiiiormof«wcRf«cQfdedat(mlyj6pcTontdUie45Sitatka^  All  these  species  were,  ncrcfUHlni, 
diedsed  an  >bsohrtely  greater  number  id  times  at  socfa  depths. 

^Asstated  above  (p.  s8),  the  western  half  ol  vineyard  Sound  is  UttleU  any  deeper  than  the  eastern  half.  Thefreaterarerafle 
depth  at  which  these  spedes  occurred  remits  from  the  fact  that  they  were  rarely  taken  near  shore.  Thus  they  ficnre  bat  Uttle  in 
the  Phalarop*  dredgfaifs. 
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Species  are  to  be  found.    And  six  of  them  are  comprised  in  the  list  of  predominantly 
northern  species  given  below. 

Interesting  comparisons  between  the  distributions  of  different  members  of  the 
same  genus  may  be  made  for  the  genera  Anomia,  Area,  Astarie,  and  Pecien.  The  case 
of  the  two  local  species  of  Astarie  is  peculiar  inasmuch  as  there  is  nothing  in  their  ranges, 
so  far  as  we  know,  which  gives  a  clue  to  the  differences  which  they  display  in  their 
local  distribution 

Certain  species  among  the  lamellibranchs  dredged  by  us  have  never  been  taken  in 
a  living  condition.  Of  these  the  most  striking  examples  are  Area  panderosa  and  Thraeia 
conradi.  The  former,  indeed,  has  never  been  recorded  living,  so  far  as  we  know,  north 
of  Cape  Hatteras,  although  fairly  fresh  shells  have  sometimes  been  foimd.  It  seems 
likely  that  both  of  these  species  may  bury  themselves  too  deeply  in  the  bottom  to  be 
taken  by  the  dredge. 

Those  species  which  were  taken  at  10  or  more  dredging  stations  have,  as  usual, 
been  grouped,  so  far  as  possible,  into  predominantly  northern  and  predominantly 
southern  forms.  The  ranges  given  for  the  Pelecypoda  and  for  the  mollusks  in  general 
are  those  stated  by  Dall.« 

Predominantly  northern  (ij), 

Anomia  aculeata  (chart  124) Arctic  Ocean  to  Cape  Pear. 

Fsecten  magellanicus (chart  125). Labrador  to  Cape  Hatteras. 

Mytilus  edulis  (chart  xay) Arctic  Sea  to  North  Carolina. 

Modiolus  modiolus  (chart  128).  .Arctic  Sea  to  North  Carolina  (Florida?). 

Modiolaria  nigra  (chart  129) Arctic  Sea  to  Cape  Hatteras. 

Crenella  glandula  (chart  130). .  .Arctic  Sea  to  Cape  Hatteras. 
Nucula  proxima  ( var.  tnmculus 

Dall)  (chart  134) Nova  Scotia  to  New  York. 

Yoldia  limatula  (chart  135) Arctic  Ocean  to  North  Carolina. 

Venericardiaborealis  (chart  137)  Hudson  Strait  to  off  Hatteras. 
Cardium  pinnulatum  (chart  142)  Labrador  to  Cape  Lookout. 

Cyclas  islandica  (chart  144) Arctic  Ocean  to  Cape  Hatteras  (at  latter  point  in  deep  water  only). 

Spisula  solidissima  (chart  153) . .  Labrador  to  Cape  Hatteras. 
Thraeia  conradi  (chart  155) Labrador  to  Cape  Hatteras. 

Predominantly  southern  (ig). 

Ostrea  virginica  (chart  122). . . .  Prince  Edward  Island  to  West  Indies. 
Anomia  simplex  (chart  123). . .  .Cape  Sable  to  Martinique. 
Pecten  gibbus  borealis  (chart 

126) Nova  Scotia  to  Tampa,  Pla. 

Area  ponderosa  (chart  131) Provincetown  to  Yucatan. 

Area  transversa  (chart  132) Cape  Cod  to  Mexico. 

Area     campechiensis     pexata 

(chart  133) Ciqie  Cod  to  Texas. 

Crassinella    mactracea    (chart 

140) Cape  Cod  to  Florida. 

Divaricella  quadri8ulcata(chart 

141) Cape  Hatteras  to  Brazil.    (Woods  H61e  region.) 

Lsevicardiummortoni (chart  143)  Nova  Sootia  to  Venezuela. 
Venus  mercenaria  (chart  145) . .  .Nova  Scotia  to  Yucatan. 

«  Dr.  Dan  has  kindly  furnished  us  with  some  unpablished  notes,  whldi  modify  to  some  degree  the  ranges  as  stated  in  hit 
".Tn^aOaary  Catalogue  of  the  Shell>bearing  Marine  Mollusks." 
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Callocardia  morrhuana  (chart 

146) Prince  Edward  Island  to  Florida. 

Petricola  pholadiformis  (chart 

147) Prince  Edward  Island  to  Nicaragua. 

Tagelus  gibbns  (chart  148) Cape  Cod  to  Brazil. 

Tellina  tenera  (chart  149) Prince  Edward  Island  to  Barbados. 

Macoma  tenta  (chart  150) Cape  Cod  to  Haiti. 

Cumingiatellinoides  (chart  152)  Cape  Cod  to  south  Florida. 

Mulinia  lateralis  (chart  154) New  Brunswick  to  Texas. 

Lyonsia  hyalina  (chart  157) .  . .  .Nova  Scotia  to  Texas. 
Corbula  contracta  (chart  159). .  .Cape  Cod  to  Jamaica. 

Of  approximately  equal  range  north  and  south  (7). 

Solemya  velum  (chart  136) Nova  Scotia  to  North  Carolina. 

Astarte  undata  (chart  138) Gulf  of  St.  Lawrence  to  Cape  Hatteras. 

Astarte  castanea  (chart  139) Nova  Scotia  to  New  JerMy  and  o£f  Hatteras  (deep). 

Ensis  directus  (chart  151) Labrador  to  Texas. 

Cochlodesmaleanum  (chart  156)  Nova  Scotia  to  Hatteras. 
Clidiophora   gouldiana    (chart 

158) Nova  Scotia  to  New  Jersey  (North  Carolina?). 

Mya  arenaria  (chart  160) Arctic  Sea  to  Bliami,  Fla. 

It  will  be  seen  that  exactly  one-third  of  these  species  have  been  listed  as  predomi- 
nantly northern,  while  very  nearly  one-half  are  to  be  regarded  as  southern.  The  seven 
remaining  species  are  not  assignable  to  either  division. 

The  following  species  are  recorded  from  our  dredgings,  but  were  not  taken  frequently 
enough  to  warrant  us  in  plotting  their  distributions: 


Pecten  islandicus. 
Modiolus  demissus. 
Modiolaria  laevigata. 
Nucula  delphinodonta. 
Astarte  quadrans. 
Aligena  elevata. 
Phacoides  filosus. 
Cardium  ciliatum. 
Gemma  gemma. 


Tellina  tenella. 
Siliqua  costata. 
Thracia  septentrionalis. 
Periploma  papyracea. 
Saxicava  arctica. 
Cyrtodaria  siliqua. 
Pholas  costata. 
Zirphflea  crispata. 
Teredo  navalis. 


Most  of  these  species  appear  to  be  actually  rare  within  the  region.  Several  of  them, 
on  the  contrary  (Modiolus  demissus,  Gemma  gemma,  Teredo  navalis)  are  extreniidy 
abundant  in  their  proper  habitats,  though  rarely  taken  with  the  dredge. 

II.    AMPHINBURA. 

Of  the  Amphineura,  or  chitons,  only  two  species  are  found  in  this  region.  One  of 
these,  Trachydermon  ruber,  is  quite  rare  locally.  We  have  met  with  it  but  twice  in 
dredging,  only  a  single  specimen  having  been  taken  on  each  occasion.  Both  were 
found  near  the  lower  end  of  Buzzards  Bay.  This  species  is  essentially  a  northern  one, 
being  said  to  range  from  the  Arctic  Sea  to  New  York.  The  other,  CluBtopleura  apiculala^ 
is  scattered  pretty  generally  throughout  the  eastern  half  of  Vineyard  Sotmd  and  along 
the  shores  of  Buzzards  Bay  (chart  161).  Its  scarcity  in  the  western  portion  of  the  Sound 
and  its  apparent  absence  from  the  deeper  waters  of  the  Bay  are  perhaps  due  chiefly  to 
the  character  of  the  bottom.    As  is  well  known,  the  chitons  adhere  to  solid  objects,  such 
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as  Stones  and  shells.^  On  the  other  hand,  it  is  not  improbable  that  the  temperatme 
factor  has  been  partly  responsible  for  the  distribution  of  Chcstopleura  in  Vineyard  Sound, 
as  in  the  case  of  a  number  of  other  southern  species  which  appear  to  avoid  the  colder 
waters  ci  the  r^on.  Like  those  which  have  previously  been  discussed,  Chatopleura 
was  not  recorded  by  us  from  Crab  Ledge.  The  range  of  this  species,  as  stated  by  Dall, 
extends  from  Cape  Cod  to  Haiti.  Our  region  thus  lies  at  or  near  its  northernmost 
limit  of  distribution. 

m.  GASTROPODA. 

Of  the  Gastropoda  we  have  recorded  123  determined  species,  together  with  10 
which  were  doubtful  or  tmdetermined.  Sixty-four  ( +  2  ?)  of  these  species  were  encoun- 
tered during  our  Survey  dredgings,  and  at  least  17  are  bcdieved  to  have  been  previously 
unrecorded  for  the  region. 

Verrill  and  Smith,  in  their  Vineyard  Sound  report,  listed  93  species,  of  which, 
however,  only  65  were  definitely  recorded  for  specified  points  within  the  region,  although 
the  ranges  of  20  more,  as  stated  by  them,  would  include  the  Woods  Hole  region.  The 
completeness  of  Verriirs  list,  as  regards  our  more  familiar  species,  renders  conspicuous 
two  exceptions.  One  is  our  now  abundant  periwinkle,  Littarina  litorea,  which  did  not 
reach  Woods  Hole  in  its  southward  migration  until  the  year  1875;  the  other  is  Lacuna 
ptUeola,  an  allied  species  though  quite  a  minute  one,  which  is  likewise  very  common 
here  at  the  present  time.  Whether  or  not  this  latter  mollusk  is  also  a  comparatively 
recent  immigrant  can  not  be  stated.     It  has  long  been  known  in  the  British  Isles. 

In  the  case  of  the  gastropods,  as  in  that  of  the  lamellibranchs,  our  list  of  species  is 
greatly  exceeded  by  all  of  the  other  f aunal  catalogues  which  have  been  summarized  in 
our  comparative  table.  The  difference  in  favor  of  the  Plymouth  catalogue  is  due  largely, 
if  not  wholly,  to  the  inclusion  of  a  greater  number  of  nudibranchs.  It  is  not  unlikely  that 
sufficient  attention  to  our  local  nudibranchs  on  the  part  of  a  specialist  would  result  in 
adding  considerably  to  the  number  of  species  recorded  for  the  region.  As  regards  the 
shell-bearing  species,  however,  we  believe  our  list  to  be  relatively  complete  for  local 
waters. 

The  average  number  of  species  of  gastropods  taken  per  dredge  haul  for  the  458 
regular  stations  of  the  Survey  was  6.8.  This  figure  is  only  exceeded  by  that  for  the 
Pelecypoda. 

Those  species  which  were  so  common  as  to  be  recorded  from  one-fourth  or  more  of 
our  dredging  stations  are  listed  herewith  in  the  order  of  frequency: 

Number  of  statioas. 

Tritia  trivittata 373 

Crepidula  fomicata 326 

Anachis  avara ^ 295 

Crqpidtila  plana 291 

Astyris  limata 245 

Pol)mices  heros 165 

Urosalpinx  cinereus 156 

Polynices  triseriata 144 

Littorina  litorea  (shells  only) 131 

•  Its  apparent  scarcity,  even  upon  the  stony  bottoms  off  the  shores  of  Cuttyhunk  and  Gay  Head«  renders  the  alternative 
explanation  more  likdyf  or  these  points. 
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As  in  the  case  of  the  lamellibranchs,  the  average  number  of  gastropod  q)ecies  taken 
per  drec!^  haul  was  considerably  greater  for  Buzzards  Bay  than  for  Vinejrard  Sound. 
This  statement  applies  equally  to  the  Fish  Hawk  and  the  Pkalarope  stations.  The 
average  number  for  dredge  hauls  upon  muddy  bottoms  (7.8)  is  likewise  seen  to  exceed 
that  for  the  other  types  of  bottom,  though  the  difFerence  is  much  less  pronounced  tlum 
for  the  Wvalve  mollusks;  while  the  figure  for  sandy  bottoms  (6.5)  is  seen  to  be  practically 
the  same  as  that  for  bottoms  of  gravel  and  stones  (6.7).  The  difference,  in  this  respect, 
between  the  two  chief  classes  of  mollusks  is  doubtless  due  to  the  fact  that  the  Pelecypoda 
comprise  a  considerable  proportion  of  burrowing  forms. 

Reference  to  the  tables  giving  the  "prevalent"  species  for  eadi  type  of  bottom 
shows  that  there  are  8  such  species  recorded  for  sandy  bottoms,  9  for  gravelly  and  stony 
ones,  and  1 1  for  muddy  ones.  Of  these,  7  species  (or  their  shells,  at  least)  are  conumni 
to  the  three  lists. 

Charts  162  to  188  portray  the  distribution  of  most  of  those  qiedes  which  were 
recorded  from  10  or  more  of  otu-  stations  in  Vineyard  Sound  and  Buzzards  Bay.  The 
exceptions  are  Natica  pusilla,  for  which  no  chart  has  been  presented,  owing  to  the 
ambiguity  of  many  of  the  records  (see  p.  144),  and  certain  species  of  TurboniUa^  several 
of  which  were  doubtless  taken  with  considerable  frequency.  Owing  to  a  confusicm, 
already  referred  to,  in  our  original  records  we  have  devoted  a  single  chart  to  aH  the 
members  of  this  genus,  so  far  as  recorded  by  us. 

In  respect  to  their  distribution  in  local  waters,  we    may  group  the  gastropods  in 
much  the  same  way  as  has  already  been  done  for  the  pelecypods. 

Of  general  distribution, 
BusyooQ  canaliculatum. 
Tritia  trivittata  (oommonest  recorded  species). 
Anachis  avara. 

Urosalpinx  dnereus  (comparatively  few  in  middle  of  Bay). 
Turbonilla  sp.  sp. 
Crepidula  fornicata. 
Crepidtila  plana. 
Polynices  duplicata. 
Polynices  triseriata. 

General  in  Sound;  in  Bay  mainly  confined  to  inshore  stations. 
Astyris  lunata. 

Cerithiopsis  emersonii  (hardly  general  in  Sound). 
Vermicnlaria  spirata  (hardly  general  in  Sound;  mostly  confined  to  eastern  half). 

Restricted  mainly  or  wholly  to  Sound, 
Buccinum  undatum. 
Crucibultun  striatum. 
Polynices  heros. 

Restricted  mainly  or  wholly  to  Bustards  Bay, 
Tomatina  canaliculata. 
Cylichnella  oryza. 
Busycon  carica. 

Ilyanassa  obsoleta  (mostly  in  upper  half  of  Bay). 
Eupleura  caudata  (in  Sound,  mainly  near  shore). 
Bittium  altematum  (adlittoral). 
Caecum  cooperi  (adlittoral). 

The  last  two  spedes  (Bittium  aliernatum  and  Cacum  cooperi)  were  confined  almost 
wholly  to  the  inshore  stations  of  the  Bay.  Two  other  species,  Lacuna  puteola  and 
Crepidula  convexa,  while  found  alike  in  the  Sound  and  the  Bay,  are  restricted  in  both  largely 
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to  the  inshore  stations.  The  case  of  Crepidula  convexa  is  peculiar,  inasmuch  as  the  two 
other  local  species  of  Crepidula  are  both  of  very  general  distribution.  The  distribution 
of  this  species  is  particularly  unintelligible,  in  view  of  the  fact  that  none  of  our  hermit 
crabs,  upon  whose  shells  it  finds  lodgment,  are  in  any  degree  restricted  to  the  shallower 
waters  along  shore.  Yet  this  mollusk  was  recorded  from  45  of  the  Phalarope  and  Blue 
Wing  stations,  as  compared  with  only  16  Fish  Hawk  stations;  and  of  these  last,  indeed, 
there  is  reason  for  r^;arding  a  considerable  ntunber  as  doubtful.  This  species  is  known 
to  be  the  commonest  Crepidula  upon  the  smaller  hermit  crabs  in  shallower  waters 
near  shore,  but  it  is  difficult  to  understand  why  this  mollusk  is  not  more  frequently 
carried  by  its  hosts  into  the  deeper  waters  as  well. 

As  in  the  case  of  the  Pelecjrpoda,  certain  species  of  gastropods  are  restricted  to  the 
colder  waters  of  the  Sound.  The  only  two  to  be  mentioned  are  Buccinum  undatum  and 
Crucibulum  striatum.  The  former  was  likewise  taken  at  6  of  the  7  r^^ular  stations  at 
Crab  Ledge,  and  is  known  to  be  a  predominantly  northern  species.  Such  is  not  true 
of  Crucibulum,  however,  and  we  are  at  a  loss  to  explain  this  peculiarity  in  its  local 
distribution. 

Both  of  these  species  (and  these  alone  among  the  gastropods)  were  taken  pre- 
dominantly at  depths  of  10  fathoms  or  more.  In  fact  Crucibulum  was  dredged  only  once 
by  the  Phalarope,  and  was  never  taken  in  less  than  10  fathoms  of  water. 

Certain  species  among  those  charted  are  seen  to  be  less  common,  or  to  be  wanting 
altogether,  in  the  western  half  of  the  Sound,  although  present  in  the  eastern  half.  Such 
are  Cerithiopsis  emersonii  and  Vermicularia  spirata.  Two  others  (Eulima  conoidea  and 
Seila  terebralis)  might  also  be  mentioned  here,  though  neither  has  been  taken  with 
sufficient  frequency  to  warrant  our  drawing  any  general  conclusions. 

The  distributions  of  two  species  of  gastropods  as  portrayed  upon  ova  charts  are 
obviously  largely  fictitious.  We  refer  to  Littorina  litorea  and  Ilyanassa  obsoleta,  both  of 
which  are  known  to  be  restricted,  when  living,  to  the  immediate  vicinity  of  the  shore. 
The  broadcast  way  in  which  the  shells  of  these  species,  particularly  the  former,  are 
strewn  around  the  local  sea  floor  testifies  strongly  to  the  part  played  by  hermit  crabs  in 
transporting  them. 

Several  genera  comprise  species  which  display  among  themselves  interesting  differ- 
ences of  habitat.  Such  are  Busycon,  Crepidula,  Littorina,  and  Pdynices.  For  most  of 
these  the  differences  may  readily  be  seen  by  reference  to  the  charts.  The  case  of  Crepi- 
dula has  just  been  discussed;  that  of  Polynices  receives  some  mention  in  chapter  v 
(p.  186).  As  regards  Littorina,  only  one  species  is  represented  upon  our  chart,  and  this 
latter  in  no  way  represents  the  distribution  of  the  living  animals.  In  the  catalogue  of 
species  (section  m),  however,  the  differences  in  their  respective  habitats  have  been 
briefly  indicated. 

A  glance  at  the  subjoined  lists  shows  that  our  local  assemblage  of  gastropods,  or  at 

least  the  commonest  and  most  representative  among  them,  are  even  more  dominantly 

southern  than  are  the  pelecypods.     Of  the  27  species  there  considered,  22  are  to  be 

regarded  as  southern,  3  as  northern,  while  the  remaining  2  are  not  to  be  assigned  to 

either  category. 

Predominantly  northern  (j). 

Bticdnum  undatum  (chart  166) .  . .  .Arctic  Sea  to  Charleston  Harbor. 

Polynices  heros  (chart  187) Labrador  to  Virginia. 

Polynices  triseriata  (chart  188) Labrador  to  off  Hatteras. 
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Predominantly  umthitn  (22), 

Tomatina  canaliculata  (chart  x6a) ..  Portland,  Me.»  to  Haiti. 

CyliclmeUa  oryza  (chart  163) Cape  Cod  to  Charleston,  S.  C. 

Btisycon canaliculatum  (chart  164).  .Beverly,  Ma».,  to  Gulf  of  Mexko. 

Busycon  carica  (chart  165) Ci^  Cod  to  St.  Thomas,  West  Indies. 

Tritia  trivittata  (chart  167) Nova  Scotia  to  St.  Augustine,  Fla. 

Ilyanassa  obsoleta  (chart  168) Nova  Scotia  to  Tampa,  Fla. 

Anachis  avara  (chart  169) Casoo  Bay  to  Florida  Ke3ri. 

Astyris  lunata  (chart  170) Cape  Ann  to  Brazil. 

Eupletira  caudata  (chart  171) Cape  Cod  to  West  Indies. 

Urosalpinx  cinereus  (chart  172) .  . .  .Prince  Bdward  Island  to  St.  Augustine,  Fla. 

Eulima  conoidea  (chart  173) Hatteras  to  West  Indies.    (Woods  Hole  r^ion.) 

Sella  terebrans  (chart  175) Massachusetts  Bay  to  Haiti. 

Cerithiopsis  emersonii  (chart  176). .  .O^  Cod  to  Grenada,  West  Indies. 

Bittium  altematum  (chart  177) Prince  Edward  Island  to  Louisiana. 

Caecum  cooperi  (chart  178) Cape  Cod  to  Jamaica. 

Vermlcularia  spirata  (chart  179) .  . .  .New  England  to  Bahia,  Brazil. 
Crucibulum  striatum  (chart  182) .  .  .  Nova  Scotia  to  Florida  Keys. 

Crepidula  fomicata  (chart  183) Prince  Edward  Island  to  New  Granada. 

Crepidula  convexa  (chart  184) Nova  Scotia  to  Florida;  (Texas?). 

Crepidula  plana  (chart  185) Prince  Edward  Island  to  Bahia,  BraziL 

Natica  pusilla Eastport,  Me.,  to  Florida. 

Polynices  duplicata  (chart  186) .  . . .  MasMchusetts  Bay  to  Mexico. 


Of  approximaUly  equal  range,  north  and  south. 

Littorina  litorea  (chart  180) Nova  Scotia  to  Cape  May,  N.  J. 

Cf  doubtful  position. 
Lacuna  puteola  (chart  181) Woods  Hole  region;  Stonington,  Conn.;  England. 

The  following  is  a  list  of  species  which  were  recorded  with  relative  inf requency  (at 
less  than  10  stations)  during  the  dredging: 

Cylichna  alba. 
Haminea  solitaria. 
Cratena  pllata. 
Coryphella  mananensis. 
Coryphella  salmonacea. 
Doto  coronata. 
Mangilia  cerina. 
Drillia  sp. 

Chrysodomus  decemcostatus. 
Tritonofusus  islandicus. 
Tritonoftisus  stimpsoni. 
Arcularia  vibex. 
Thais  lapillus. 
Boreoscala  groenlandica. 
Epitonium  multistriatum. 
Epitonium  dallianum. 
Epitonitun  lineattun. 
Stilifer  stimpsoni. 
Turbonilla  nivea. 
Turbonilla  vinese. 


Turbonilla  elegantula. 

Turbonilla  areolata. 

Turbonilla  interrupta. 

Turbonilla  winkleyi  (this  and  probably  several 

others  were  taken  at  more  than  10  stations). 
Turbonilla  rathbuni. 
Odostomia  seminuda. 
Odostomia  trifida. 
Triforis  nigiocinctus. 
Cectun  pulchellum. 
Littorina  rudis. 
Lacuna  vincta. 
RisBoa  arenaria. 
Cingula  minuta. 
Polynices  immacnlata. 
Velutina  laevigata. 
Velutina  zonata. 
Acmsea  testudinalis. 
Margarites  obscurus. 
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Some  of  these  species  (Thais  lapillus,  Littarina  rudisj  Lacuna  vincta,  Acnusa  iestu- 
dinalts)  are  more  or  less  common  along  shore,  but  rarely  find  their  way  into  the  dredge. 
A  considerable  number  of  the  species  were,  on  the  other  hand,  only  taken  at  Crab  Ledge, 
and  thus  do  not  form  any  part  of  the  fauna  of  Vineyard  Sound  or  Buzzards  Bay. 

The  group  of  pelagic  gastropods  known  as  the  Pteropoda  is  represented  locally  by 
a  few  species  which  are  occasionally  found  in  the  outlying  waters  of  the  region.  Only 
one  of  these,  Cavoiina  iridetUaia,  has  been  met  with  in  the  dredge,  a  single  shell  having 
been  taken  near  the  western  end  of  Vineyard  Sound.  Such  a  state  of  affairs  is  in  striking 
contrast  to  the  condition  in  some  parts  of  the  Atlantic  Ocean,  where  the  remains  of 
this  class  of  moUusks  accumulate  to  such  a  degree  as  to  form  a  veritable  "pteropod 
ooze,"  covering  wide  tracts  of  the  sea  floor. 

IV.  CEPHALOPODA. 

Two  species  of  squid,  Loligo  pealii  and  Ommastrephes  illecebrosus,  are  found  in  these 
waters.  Only  the  former  of  these  has  been  met  with  in  dredging.  Loligo  has  been 
frequently  taken  in  the  Fish  Hawk  dredgings  throughout  both  the  Sound  and  the  Bay, 
being  recorded  from  73  stations  (chart  189).  It  has  never,  however,  been  dredged  by 
the  Phaiarope.  This  is  doubtless  due  to  the  active  movements  of  this  animal,  whidi 
would  not  be  readily  caught  in  a  small  dredge  net,  although  it  would  be  taken  with- 
out  diflSculty  by  the  beam  trawl.  The  eggs  of  the  squid,  on  the  other  hand,  were 
brought  up  very  frequently  both  by  the  Fish  Hawk  and  the  Phalarope.  The  range 
of  this  species,  as  stated  by  Dall,  is  from  Penobscot  Bay,  Me.,  to  South  Carolina.  It 
thus  ranks  among  the  predominantly  southern  species. 

Shells  of  the  little  known  Spirula  peromi  sometimes  drift  to  the  outer  island  shores, 
and  one  specimen  of  an  octopus  (Parasira  catenulata)  was  taken  many  years  ago  in  Vine- 
yard Sound. 

10.  ADELOCHORDA. 

One  species  of  Balanoglossus  (B.  aurantiacus  (Girard))  is  common  at  various  points 
along  shore,  where  it  burrows  rather  deeply  into  the  sand  or  gravel.  So  far  as  we  know, 
it  has  never  been  taken  locally  with  the  dredge. 

^    II.  TUNICATA. 

Tunicates,  particularly  the  compound  forms,  constitute  a  conspicuous  feature  of  the 
fauna  of  some  portions  of  our  local  sea  bottom.  Certain  species  likewise  abound  on 
piles  and  on  eel  grass  and  rockweed  along  shore,  while  one  or  more  pelagic  forms  are 
occasionally  abimdant  within  the  limits  of  our  region.  The  total  number  recorded, 
however,  is  small,  only  22  *  determined  spedes  being  included  with  certainty  in  our  cata- 
logue; together  with  about  10  which  are  unidentified  or  doubtful.  Of  these  i4(  +  6?) 
were  encountered  during  our  dredging  operations.  The  average  ntunber  of  species  taken 
per  dredge  haul  was  only  i.i,  though  considerable  clusters  of  Styela  partita,  associated 
with  Molgula  manhattensis,  Perophora  viridisy  Didemnum  lutarium,  and  perhaps  other 
compound  forms  were  at  times  brought  up  together.    The  form  having  the  most  general 

•  Thnmi^iotit  otur  records  Amaroucium  pelluddum  and  **Amaroucmm  ccnsteUatum"  were  listed  separately  and  treated  as 
independent  species.  Owing  to  the  ready  distingiiishability  of  these  two  forms  and  their  somewhat  different  habitats  we  hare 
not  thought  it  worth  while  to  readjust  our  records  and  computations,  despite  Dr.  Van  Name's  twyming  demonstration  of  the 
flpedfic  identity  of  the  two. 
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distribution  was  Duiemnum  luiarium  Van  Name,  which  was  taken  at  99  of  the  regular 
dredging  stations;  thus  not  a  single  species  was  taken  with  sufficient  frequency  to  appear 
in  the  list  of  those  recorded  from  one-fourth  or  more  of  the  entire  number  of  stations. 
Only  eight  species  were  taken  at  as  many  as  loof  the  stations. 

As  in  the  case  of  some  other  groups,  certain  of  the  earlier  identifications  by  the  col- 
lectors in  the  field  were  made  with  a  confidence  which  did  not  afterwards  seem  to  us 
justified.  During  the  later  seasons,  accordingly,  we  preserved  for  reference  to  specialists 
a  much  larger  propcMrtion  of  the  ^)ecimens  taken.  The  only  instances  of  ambiguity  in 
our  records,  which  seem  worth  considering,  relate  to  the  species  of  Amartmcium  and  to 
Molgula  arenata.  The  former  were  commonly  identified  in  the  field  by  means  of  a  super- 
ficial examination.  Subsequent  information  leads  us  to  believe  that  such  identifications 
were  for  the  most  part  correct;  since  the  commoner,  at  least,  among  our  local  species 
are  in  most  cases  readily  distinguishable  by  obvious  characters.  The  small,  sand-covered 
solitary  asddians,  taken  in  the  western  portion  of  Vineyard  Sound,  were  at  first  referred 
by  us  to  a  single  species,  Molgula  arenaia.  We  were  informed  by  Prof.  Ritter,  however, 
that  another  of  our  local  species,  Eugyra  gluHnans,  is  superficially  very  similar  to  the 
former,  and  that,  in  the  case  of  preserved  specimens,  dissection  is  necessary  in  order  to 
distinguish  between  the  two.  Both  species  have  been  determined  by  Prof.  Ritter  in  the 
material  submitted  to  him;  so  that  we  feel  confident  in  listing  both  of  them  for  the 
western  part  of  Vineyard  Sound.  On  the  other  hand,  it  is  more  than  possible  that  some  ci 
our  earlier  records  for  ** Molgula  ofenata "  refer  in  reality  to  Eugyra  gluttnans^wbSiit  some 
of  those  for  the  latter  spedes  depend  upon  an  assumed  specific  identity  between  specimens 
which  were  hastily  examined  and  others  which  had  been  authoritatively  determined. 
In  view  of  this  tmcertainty,  it  has  been  thought  best  to  (dot  but  a  single  chart  for  these 
two  species,  denoting  by  the  stars  of  solid  black  those  stations  from  which  Molgula 
arenaia  was  recorded,  and  by  the  open  stars  stations  from  which  Eugyra  glutinans  was 
recorded. 

It  is  thought  likely  that  errors  of  omission  have  been  relatively  infrequent  in  our 
records,  since  few  of  the  local  species,  so  far  as  known,  are  minute  or  inconspicuous:  It 
is  not  tmlikely,  however,  that  some  of  the  smaller  sand  or  mud  covered  solitary  asddians 
may  have  escaped  us,  and  it  is  possible  that  certain  less  common  spedes  (e.  g.,  of  Mol' 
gula)  have  been  confused  with  the  more  familiar  ones  and  recorded  along  with  the  latter. 

We  are  indebted  to  Prof.  W.  E.  Ritter,  of  the  University  of  California,  for  identifying 
a  large  niunber  of  the  simple  asddians,  and  to  Dr.  W.  G.  Van  Name,  of  New  Haven, 
for  identifying  many  of  the  compound  forms.  To  these  same  authorities  we  are  like- 
wise indebted  for  criticizing  the  manuscript  relating  to  each  of  these  respective  subdi- 
visions, and  we  have  adopted  the  dassification  and  nomendature  advised  by  them. 
Prof.  Ritter  expresses  himself  as  being  skeptical  r^;arding  the  identity  of  many  of  the 
Atlantic  coast  spedes,  and  some  of  his  determinations  have  been  made  with  no  great 
confidence.  In  such  cases  the  doubtful  character  of  the  identification  has  been  indicated 
in  the  list.  Dr.  Van  Name  has  f  dt  himself  justified  in  making  two  rather  radical  dianges 
respecting  the  genera  Amaroucium  and  LeptocUnum  {Didernmum).  (See  faunal  cata- 
logue, p.  731-733). 

To  Prof.  W.  A.  Herdman,  of  Liverpool  University,  we  are  indebted  for  suggestions 
and  advice  relative  to  this  group  during  the  later  stages  of  the  writii^  of  this  report. 
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Veriill  and  Smith  (1873)  listed  18  determined  species  of  tunicates  for  local  waters, 
together  with  two  which  were  not  definitely  recorded  for  the  region,  and  five  others 
which  were  not  specifically  determined.  A  number  of  these  asddians  had  been  recently 
described  by  Verrill  himself  from  specimens  taken  in  the  vicinity  of  Woods  Hole.  The 
Leptoclinum  luteolum  of  Verrill  is  not  r^arded  by  Dr.  Van  Name  as  specifically  dis- 
tinct from  the  L.  aUndum  of  the  same  author,  which,  ccmtrary  to  the  belief  of  "Verrill, 
does  not  appear  to  occur  within  the  limits  of  our  r^^n.  The  **Ciana  ienella"  of 
Stimpson  and  of  Verrill  is  now  regarded  as  identical  with  C.  intesHnalis  (Linnaeus), 
while  the  **Salpa  caboti*'  of  Desor,  which  appears  in  Verrill's  list,  is  not  believed  to  be 
distinct  from  the  Salpa  democratica-mucronata  oi  Porskal.^ 

Certain  species  listed  by  Verrill  (Molgula  papulosa,  M.  pellucida,  M.  producta,  Eugyra 
pUidaris,  Cynthia  carnea,  dandula  arenicola)  have  not  been  recorded  for  local  waters  by 
any  subsequent  writers.^  On  the  other  hand,  one  species  new  to  science  (Bosiricho' 
branchus  molguhides)  was  described  by  Metcalf  from  specimens  taken  within  recent  years 
in  Buzzards  Bay.  Another  species  (Didemnum  luUarium  Van  Name)  although  abund- 
ant and  familiar  locally,  was  only  recently  described  for  the  first  time.  This  species 
had  hitherto  been  confused  with  VerriU's  Leptoclinum  albidum  (=^ luteolum),  the  true 
hcmie  of  which  is  north  of  Cape  Cod.  The  survey  has  encoimtered  a  number  of  species 
which  have  not  previously  been  listed  in  any  published  report  of  the  fauna  of  this  region. 
Such  are  Ascidia  complanata,  Eugyra  glvMnans,  and  Salpa  zonaria-cordiformis;  also 
(doubtfully  determined)  Molgula  koreni,  M.  citrina,  and  Af .  pannosa. 

Twenty-eight  species  erf  Tunicata  are  recorded  by  Whiteaves  for  eastern  Canada; 
36  species  are  comprised  in  the  Pl3miouth  list;  45(4-14?)  for  the  Irish  Sea;  and  75  for 
the  Gulf  of  Trieste.  Ten  of  the  Canadian  species  and  2  of  the  Pljrmouth  species  appear 
to  be  common  to  our  Woods  Hole  fauna.  In  considering  any  such  comparisons,  how- 
ever, it  must  be  borne  in  mind  that  practically  no  papers  have  been  published  during 
the  past  30  years  which  deal  with  the  New  England  Tunicata. 

Only  eight  charts  (190-197)  have  been  presented  as  illustrating  the  distribution ' 
of  the  bottom-dwelling  asddians  of  Vineyard  Sound  and  Buzzards  Bay.    Of  these, 
seven  are  each  for  a  single  species,  while  another  is  based  upon  the  records  for  two 
species  {Molgula  arenata  and  Eugyra  gluUnans)  concerning  which  some  confusion  exists 
(see  p.  156). 

Like  most  of  the  fixed  organisms  which  have  been  discussed  in  the  present  report, 
the  asddians  are  of  far  less  frequent  occurrence  in  Buzzards  Bay  than  in  Vineyard 
Sound.  Indeed,  only  two  spedes,  Molgula  manhattensis  and  Didemnum  lutariu>m, 
occur  with  any  frequency  in  the  Buzzards  Bay  dredgings.  The  following  figures  permit 
a  comparison  of  the  average  number  of  spedes  per  dredge  haul  taken  in  the  two  bodies 
of  water: 

Vineyard  Sound: 

Fish  Hawk i.  3 

Phalarope i.  6 

Buzzards  Bay: 

Fish  Hawk 4 

Phalarope 7 

aRkter. 

b  These  are  aU  contained  in  Uie  list  of  molcuUds  having  "  vety  imperfect  descriptions"  in  Herdnian's  "  Revised  Classification 
of  the  Tunicata"  (Joum.  I4nnaean  Soc.,  vol.  xxm,  1891,  pp.  557-652). 
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Far  in  excess  of  any  of  these  figures  is  that  expressing  the  number  of  species  taken 
at  the  seven  Crab  Ledge  stations.  This  is  3.3  per  dredge  haul.  Certain  localities  in 
Vineyard  Sound,  likewise,  notably  the  area  between  the  Middle  Ground  and  the  shores 
of  Marthas  \^eyard  were  especially  rich  in  tunicates.  For  example,  five  species  eadi 
were  taken  at  stations  63  and  7525,  while  six  species  were  taken  at  station  7751. 

As  in  many  previous  cases  which  have  been  discussed  by  us,  we  believe  that  the 
well-known  difference  between  the  bottoms  of  Buzzards  Bay  and  Vineyard  Sound  is 
chiefly  responsible  for  this  difference  in  the  wealth  of  their  asddian  faunas.  This  bdief 
is  strengthened  by  a  consideration  of  the  average  number  of  species  per  dredge  haul 
taken  upon  the  three  principal  types  of  bottom  which  have  been  distinguished  by  us. 
The  figures,  according  to  this  basis  of  classification,  are  as  follows:  Mud,  0.4;  sand,  0.9; 
stones  or  gravel,  1.9.  Moreover,  as  in  many  previous  cases,  some  of  the  species  which 
are  absent  elsewhere  in  the  Bay  have  been  taken  near  shore,  where  the  mud  of  the  central 
region  largely  gives  place  to  sand,  gravel,  and  stones.  Such  in  particular  are  Styda 
parHia  and  Amaroucium  pellucidum  consteUatum, 

As  is  well  known,  asddians  are  dependent  upon  ciliary  currents  for  the  food  and 
oxygen  brought  to  them  in  the  water.  It  is  thus  natural  that  bottoms  of  soft  mud  should 
not  commonly  offer  them  a  congenial  halntat,  even  though  a  suitable  basis  for  attach- 
ment should  be  present.^  The  occurrence  of  stones,  sheUs,  and  algse,  or  other  suitable 
bases  of  support  is  likewise  an  important  factor  in  determining  the  distribution  of  most 
species,  as  is  evident  from  a  comparison  of  the  abundance  of  asddian  life  upon  bottoms 
of  stones  and  gravel  with  that  upon  bottoms  of  sand.  Herein,  also,  probably  lies  the 
explanation  of  the  scarcity  of  bottom-dwelling  tunicates  in  the  western  half  of  Vineyard 
Sound. 

Of  the  seven  species^  for  which  separate  distribution  charts  have  been  plotted,  all 
agree  in  being  either  wholly,  lacking  in  the  western  half  of  Vineyard  Sound,  or,  if  present 
there  at  all,  in  being  confined  to  the  inshore  (adlittoral)  stations.  As  has  been  already 
pointed  out,  this  western  area  of  Vineyard  Sound  (barring  the  inshore  region)  is  charac- 
terized by  the  presence  of  sand,  and  by  the  comparative  absence  of  stones  and  gravel. 
In  the  case  of  Styela  partita^  Molguta  manhaUensis,  and  Perophora  viridisy  it  is  possible 
that  distribution  is  in  some  measure  determined  by  that  of  certain  algse,  since  these 
species  are  very  frequently  attached  to  the  latter.  An  inspection  of  the  distribution 
charts  for  the  algae,  however,  shows  few  species,  if  any,  whose  distribution  would  satis- 
factorily account  for  that  of  the  asddians  named. 

On  a  number  of  previous  occasions,  we  have  shown  the  likelihood  that  temperature 
has  been  the  factor  chiefly  concerned  in  exduding  certain  spedes  from  the  western  end 
of  Vineyard  Sound.  Various  predominantly  southern  spedes  seem  tmable  to  thrive  in 
the  colder  waters  of  the  region,  just  as  certain  northern  forms  seem  unable  to  thrive 
elsewhere.  Now  an  inspection  of  the  table  bdow,  giving  the  ranges  of  our  commoner 
spedes  of  asddians,  shows  that  none  of  those  listed  are  predominantly  northward  ranging 
forms,  while  four,  on  the  other  hand,  are  predominantly  southward  ranging  forms,  some 
of  which,  indeed,  reach  thdr  northern  limit  in  Cape  Cod.  Despite  these  facts,  it  seems 
to  us  unlikdy  that  temperature  has  been  the  factor  chiefly  concerned  in  determining  the 

•  Sxoeption  must  be  made  in  the  caaedUuMe  species  occnning  in  deep-tea  ooMs,oi«ny  of  w  (Hetdmaa). 

^  Two  of  Uiese  are  not  now  regarded  by  Dr.  Van  Name  as  being  specifically  distinct,  but  for  reasons  stated  above  (p.  155. 
footnote)  their  distributions  have  been  plotted  separately. 
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scarcity  of  asddians  in  this  portion  of  Vineyard  Sound,  since  several  of  the  forms  in 
question  (Didemnum  and  all  of  the  species  of  AmaroMcium)  are  abundant  in  this  cold 
water,  on  the  stony  bottoms  dose  to  shore,*  and  even  on  Devils  Bridge,  oflf  Gay  Head. 
On  the  other  hand,  Molgida  arenata  (chart  190),  likewise  a  predominantly  southward 
ranging  form,  as  judged  from  known  records,  occurs  chiefly  in  the  western  part  of 
"Wneyard  Sound,  where  its  congenial  habitat,  a  sandy  bottom,  is  more  prevalent.* 

It  would  thus  seem  probable  that  the  temperature  factor  plays  little  or  no  part  in 
determining  the  distribution  of  asddians  within  the  limits  of  our  charts,  the  primary 
factor  being  the  character  of  the  bottom,  dther  directly  or  in  its  effect  upon  the  distri- 
bution of  marine  algae. 

In  the  outlying  colder  waters,  however,  where  northern  representatives  of  nearly 
every  phylum  have  been  met  with,  we  have  found  a  number  of  asddians  proper  to  the 
'*  Acadian"  fauna.  Such  are  Halocynihia  echinaia,^  Ascidia  complanata,  and  the  Boltema 
recorded  in  the  annotated  list,  all  of  which  spedes  have  been  dredged  by  us  at  Crab 
Ledge. 

An  interesting  difference  of  distribution  in  relation  to  depth  i3  revealed  by  an 
analysis  of  the  records  for  Amaroucium  pellucidum  consiellatum  and  A.  stellatum.  The 
latter  was  dredged  only  once  at  a  depth  less  than  5  fathoms,  while  in  more  than  60  per 
cent  of  the  cases  it  was  taken  at  depths  of  10  fathoms  or  more.^  A .  canstellatum,  on  the 
other  hand,  was  recorded  15  times  from  depths  less  than  5  fathoms,  while  in  over  60  per 
cent  of  the  cases  it  was  taken  at  depths  tmder  10  fathoms.  This  form  is  likewise 
known  to  occur  upon  piles,  etc.,  in  shallow  water,  while  we  have  not  observed  A,  stel- 
latum in  such  dtuations. 

The  following  list  comprises  all  those  spedes  which  were  recorded  in  our  dredging. 
The  asterisk  has  the  usual  significance. 


Botryllus  sdilosseri. 

*  Perophora  viridis  (chart  193). 

*  Didemnum  lutarium  (chart  194). 
Aplidium  pallidum. « 

*  Amaioucitun  pelludicum^  (chart  195). 
*Amaioudtun  pelludicum    coustellatum^  (chart 

196). 
Amiaioudum  glabnim.^ 

*  Amaroucium  stellatum^  (chart  197). 
Amaroudum  sp.    (Perhaps  new. — Ritter). 


?  Molgula  citrina. 
?  Molgula  koreni. 

*  Molgula  manhattensis  (chart  191). 
?  Molgula  pannosa. 

*  Molgula  arenata  (chart  190). 
Eugyra  glutinans  (chart  190). 
Halocynthia  echinata. 
Boltenia  sp. 

*  Styela  partita  (chart  192). 
Styela  sp.  (Perhaps  new. — Ritter). 
Ascidia  complanata. 

The  ranges  here  stated  for  the  dght  commoner  spedes  are  given  for  the  most  part 
on  the  authority  of  Verrill  (1873)  and  of  Van  Name  (1910).  The  statements  of  the 
latter  author  have  been  followed  for  the  compound  forms,  but  for  the  simple  ones  no 
data  later  than  those  offered  by  Verrill  appear  to  be  available. 

*  It  is  true  that  the  summer  tempentureof  these  shoal  faishore  waters  is  somewhat  higher  than  that  of  the  deeper  waters  in 
the  middle  of  the  channel. 

*  Eugyr%  ghUmams,  another  sand-dwelling  spedes  occurring  in  this  same  region,  is  however,  a  predominantly  northern  farm. 
«This  was  likewise  taken  at  Sankaty  Head  and  once  in  Vineyard  Sound. 

*  This  notwithstanding  the  fact  that  depths  as  great  as  this  were  encountered  at  only  36  per  cent  of  the  stations. 

«  These  five  species  are  among  those  listed  by  Herdman  as  "unrecognizable  Polyclinidc"    However  impeifect  the  original 
descriptions  xnay  have  been,  these  names  none  the  kss  rder  to  well-known  and  readily  distinguishabk  members  of  our  local  fanni^ 
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Predominantly  southern. 

Molgula  manhattensis Casco  Bay  to  North  Cafolina. 

Styela  partita Massachusetts  Bay  to  North  Carolina. 

Peiopfaora  viridis Vmeyard  Sound  to  Beaufort,  N.  C,  and  Bcrmui}^. 

A.  pellucidum Vineyard  Sound  to  North  Carolina. 

Cf  uncertain  position. 

Molgula  arenata Long  Island  Sound  to  Nantucket. 

Didenmum  lutarium New  England  coast  south  of  Cape  Cod. 

Amaroucium  stellatum Vineyard  Sound  to  North  Carolina  (?). 

A.  pellucidum  constellatum Isles  of  Shoals  (  ?)  and  Gloucester  to  Cold  Spring  Harbor,  Long  Island. 

Thus,  according  to  the  information  at  our  disposal,  four  of  these  eight  species  are 
to  be  regarded  as  predominantly  southern,  while  the  remaining  four  have  only  been 
authentically  recorded  from  a  very  limited  section  of  the  coast.  Only  three  species  are 
known  to  occtu*  north  of  Cape  Cod. 

12.  PISCES. 

The  group  of  fishes  occujMes  a  peculiar  position  in  the  present  work.  The  total 
number  of  species  listed  for  this  region  is  greater  than  that  for  any  other  group 
except  the  Crustacea.  There  are  247(  +  6  ?)  species «  representing  i88(  +  2  ?)  genera 
and  99  families.  Only  a  very  small  proportion  of  these  (30  species)  have,  however, 
been  taken  in  the  dredge,  owing,  first,  to  the  fact  that  the  great  majority  of 
the  species  do  not  ordinarily  lie  upon  the  bottom,  and,  secondly,  to  the  fact 
that  even  the  largest  dredges  and  trawls  which  were  employed  were  not  well 
adapted  to  retaining  active  fishes.  In  general,  we  may  say  that  this  Survey  has 
dealt  only  incidentally  with  the  fishes,  since  the  latter  do  not,  for  the  most  part, 
belong  to  the  benthos,  any  more  than  do  the  Medusas  and  free-swimming  Crustacea. 
Our  knowledge  of  the  distribution  of  fishes  within  the  narrow  limits  oi  such  a  small 
body  of  water,  and  of  the  causes  determining  this  distribution,  could  be  substantially 
increased  only  by  the  use  of  quite  other  implements  than  the  dredge.  As  r^;ards  the 
catalogue,  on  the  other  band,  it  seems  likely  that  the  list  of  local  fishes  as  a  whole  is 
more  complete  than  that  of  any  other  extensive  group  of  organisms.  And  even  our 
dredging  has  resulted  in  the  capture  of  one  fish  which  was  not  previously  known  south 
of  Cape  Cod.    This  was  the  little  blennioid  species,  Ulvarta  svbbifwrcata. 

For  the  past  40  years  Mr.  Vinal  Edwards,  throughout  the  year,  and  various  nat- 
uralists, during  the  summer  months,  have  been  engaged  in  an  active  search  for  new 
fishes.  To  the  extraordinary  zeal  of  Mr.  Edwards  and  his  rare  power  of  observing 
small  differences  and  recognizing  unusual  species  has  been  due,  in  large  meastue,  the 
completeness  of  our  knowledge  of  local  fishes.  As  early  as  1873  ^^ol.  Baird  published 
a  list  of  Woods  Hole  fishes,  some  of  which  had  already  been  recorded  for  local  waters  by 
Storer  many  years  before.  This  list  has  received  continual  additions  from  year  to 
year  in  various  publications  of  the  United  States  Fish  Commission.  In  1898,  Dr.  H.  M. 
Smith  brought  together  all  the  previously  published  records  relating  to  local  fishes 
together  with  a  large  number  of  additional  ones,  and  prepared  the  most  complete  list 

•  Two  spedes  of  marsiiMbratichii  have  been  included  with  the  true  fishes  in  this  coinpuUtion 
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thus  far  presented.  This  contained  over  200  species  of  marine  fishes.  In  several  sup- 
plementary lists  and  spedal  notes  Pr.  Smith  has  amplified  this  catalogue.^ 

In  1908  Kendall  published  a  "List  of  the  Pisces"  for  the  "Faima  of  New  England," 
series  of  the  Boston  Society  of  Natural  History,  but  few  changes  or  additions  were  made 
as  regards  the  fishes  of  the  vicinity  of  Woods  Hole.  All  this  material,  together  with 
many  new  data  and  a  few  entirely  new  records  for  species,  have  been  summarized  in  the 
annotated  list  included  in  the  present  report.*  In  the  preparation  of  the  latter  con- 
siderable collections  of  unpublished  notes  by  Mr.  Edwards  were  examined,  and  he 
himself  was  continually  questioned  throughout  the  progress  of  the  work.  The  data 
contributed  by  Mr.  Edwards  were  based  (i)  on  records  from  the  fish  traps  operated  by 
the  Bureau  of  Fisheries  in  the  neighborhood  of  the  Woods  Hole  station;  (2)  on  records 
from  the  fyke  nets,  which  have  been  set  during  the  fall,  winter,  and  spring  in  both  the 
harbors  of  Woods  Hole;  (3)  on  the  records  of  innumerable  seining  trips  made  at  various 
times  of  the  year,  but  particularly  in  the  summer  months;  (4)  the  collections  made  by 
the  tow  net  suspended  from  the  end  of  the  pier  (furnishing  records  of  the  occurrence  of 
young  fishes) ;  and  (5)  from  specimens  or  information  received  from  fishermen  through- 
out aXt  of  the  local  waters.  Most  of  the  specimens  collected  during  the  dredging  opera- 
tions, and  many  more  which  were  caught  in  other  ways  during  this  period,  were  identi- 
fied by  the  authors  of  this  report.  Those  concerning  which  any  doubt  was  felt  were 
referred  to  the  ichthyologists  of  the  Bureau  of  Fisheries.  To  Dr.  H.  M.  Smith  and  Dr. 
W.  C.  Kendall  we  are  indebted  for  a  critical  examination  of  our  check  list  of  fishes. 

In  our  list  of  species  are  comprised  2  Marsipobranchii,  26  Selachii,  and  2i9(  +  4?) 
Tdeostomi.  In  our  comparative  table  (p.  89)  it  will  be  seen  that  the  fishes  have  been 
included  in  only  two  of  the  other  faunal  catalogues  therein  considered.  Herdman 
records  134  species  for  the  Irish  Sea,  i.  e.,  hardly  more  than  half  the  number  comprised 
in  our  own  catalogue,  while  Graeffe  lists  181  species  for  the  Gulf  of  Trieste.  Here,  as 
elsewhere,  it  would  be  interesting  to  know  how  largely  these  diflferences  in  the  number 
of  species  are  actual  and  how  largely  they  are  due  to  the  thoroughness  of  the  collecting 
and  recording.  It  must  be  borne  in  mind  that  our  own  list  comprises  a  large  number  of 
species  which  are  not  indigenous,  being  stragglers,  whose  presence  in  our  waters  is  due 
to  the  proximity  of  the  Gulf  Stream.  The  number  of  such  exotic  species  is  probably 
peculiarly  high  in  our  region. 

Owing  to  the  small  number  of  species  taken  by  the  dredge  and  to  the  comparative 
paucity  of  the  records  even  for  such  as  were  taken,  the  data  thus  gained  relating  to  the 
local  distribution  of  these  species  have  not  been  very  impressive.  In  general  we  may  say, 
however,  that  while  some  species  a|)peared  to  have  an  unrestricted  distribution  in  local 
waters,  many  more  fishes  were  taken  in  Vineyard  Sound  than  in  Buzzards  Bay;  likewise 
that  a  number  of  species  occurred  wholly  or  mainly  at  the  western  end  of  the  Sound.** 

a  See  bibliocni>hic  list  for  the  faunal  catalogue,  p.  791. 

fr  The  xccords  of  Cope  (1870)  for  Newport  have  bieen  included  here,  althou^  they  were  not  considered  by  Smith,  who  »««HH 
the  *Vidnity  of  Woods  Hole"  to  a  somewhat  smaller  area  than  the  "Woods  Hole  Region"  of  the  present  rei>ort. 

« It  is  llkdy  that  this  latter  fact  is  in  a  certain  measure  due  to  the  greater  frequency  with  which  the  beam  trawl  was  employed 
Upon  the  sandy  bottoms  at  the  western  end  of  Vineyard  Sound.  This  instrument  was  obviously  better  adapted  to  catching  and 
setafaihic  fishes  than  were  the  other  types  of  dredge  ems^oyed. 

16269® — Bull.  31,  pt  I — 13 II 
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There  is  no  evidence  whatever  for  distribution  in  accordance  with  temperature 
within  the  narrow  limits  of  the  present  region.  Most  of  the  species  taken  in  the  drec^e 
are  ones  which  have  a  more  or  less  extended  northerly  as  well  as  southerly  range  along 
the  coast,  and  it  so  happens  that  Phoiis  gunnelus,  the  only  strictly  northern  species 
which  was  dredged  with  any  frequency,  was  taken  at  scattered  stations  throughout 
most  of  the  Sound,  but  was  not  recorded  from  its  western  end.  It  is  quite  likely  that 
the  local  distribution  of  this  fish  is  limited  by  the  character  of  the  bottom  (by  preference 
stony)  and  by  the  occurrence  of  certain  algae.  Those  fishes  which  are  recorded  with 
greatest  frequency  at  the  western  end  of  the  Sound  are  mainly  species  of  flounders  and 
skates,  which  occur  predominantly  on  sandy  bottoms.  Of  the  five  species  thus  restricted 
{Raja  erinacea,  Lophopsetta  mactUata,  Paralichihys  ohlongus,  and,  to  a  less  extent.  Para- 
lichthys  dentaius  and  Pseudopleuronectes  americanus) ,  two  are  predominantly  southward 
ranging,  while  the  other  three  have  ranges  which  extend  about  equally  in  both  directions. 
Thus  the  character  of  the  bottom  in  this  western  area  of  Vineyard  Sound  is  doubtless 
responsible  directly  or  indirectly  for  the  distribution  of  these  fishes.  The  case  is  quite 
different  from  that  of  many  other  organisms  which  have  been  considered  by  us,  whose 
presence  near  the  open  end  of  the  Sound  is  to  be  explained  by  reference  to  the  lower 
water  temperature  which  obtains  there. 

Even  if  we  had  a  full  and  accurate  knowledge  of  the  local  distribution  of  these 
various  fishes,  we  should  hardly  expect  to  find  the  same  dependence  upon  temperature 
conditions  as  was  found  in  the  case  of  some  other  organisms.  Since  fishes  are  free  to 
move  from  place  to  place  according  to  their  needs,  they  are  not  subject  to  the  constant 
influence  of  any  set  of  conditions  acting  throt^hout  the  entire  life  cycle,  as  is  the  case 
with  fixed  or  slowly  moving  organisms.  It  may  well  be  (see  pp.  175-177)  that  the  restrict- 
ing effects  of  a  colder  or  warmer  environment  in  relation  to  distribution  depend  in  many 
instances  upon  its  action  during  the  reproductive  period  alone,  and  that  the  adult 
organism  itself  might  be  able  to  thrive  under  conditions  unfavorable  to  its  early  develop- 
ment or  to  its  reproductive  activity.  Indeed  it  is  likely  that  such  a  possibility  is  often 
realized  in  the  case  of  animals  having  sufficient  powers  (A  locomotion.  And  it  is  perhaps 
among  the  fishes  themselves,  many  of  which  migrate  to  warmer  waters  for  the  purposes 
of  reproduction,  that  the  best  examples  may  be  found. 

The  distribution  of  most  fishes  within  the  narrow  limits  of  such  a  r^on  as  the  pres- 
ent one  is  doubtless  determined  chiefly  by  the  occurrence  ot  their  food  supply.  This  we 
may  say  with  a  high  d^;ree  of  probability,  although  we  may  not  be  able  to  determine 
many  definite  cases  of  correlation  between  the  occurrence  of  particular  species  of  fishes 
and  the  particular  organisms  which  serve  as  their  food.  In  the  case  of  such  predom- 
inantly bottom  dwelling  species  as  the  flounders  and  the  skates,  it  seems  very  probable 
that  the  character  of  the  bottom  is  an  independent  factor  in  determining  distributicm. 
Such  fishes  require  beds  of  comparatively  clear  sand,  upon  which  they  rest  or  under 
which  they  may  find  concealment. 


Digitized  by 


Google 


BIOU)GICAL  SURVEY  OF  WOODS  HOLE  AND  ViaNITY.  1 63 

The  following  is  a  list  of  the  species  of  fishes  recorded  during  the  survey  dredging. 
The  asterisk,  here  as  elsewhere,  denotes  those  species  which  were  taken  at  10  or  more 
stations. 


*Prionotiis  carolintis  (chart  205). 

Gobiosoma  bosci. 
*Pholis  gtmnelltis  (chart  206). 

Ulvaria  subbifurcata. 

Zoarces  angiiillaris. 

Merluccius  bilinearis. 

Urophycis  regitis. 

Urophjrcis  tentiis. 

Urophycis  chuss. 
*Paralichthys  dentatus  (chart  207). 
^Paralichthys  oblongus  (chart  208). 

Limanda  femiginea. 
*Pseudopleurcmectes  americanus  (chart  209). 
*I/>phop8etta  maeulata  (chart  210). 

Lophius  piscatorius. 


*Raja  erinacea  (chart  198). 

Gasterosteus  aculeatus. 
*Syngnathus  fuscus  (chart  199). 
*Ainiiiodytes  americsinus  (chart  200). 

Pofoiiotus  triacanthus. 

Centropristes  striatus. 
*Stenotomtis  cluysops  (chart  201). 
*Tautogolabnis  adspersus  (chart  202). 

Monacanthus  hispidus. 
^Spheroides  maculatus  (chart  203). 
*Myoxocephalus  aeneus  (chart  204). 

Myoxocephalus  octodecimspinosus. 

Hemitriptenis  americantis. 

Cycloptenis  lumpus. 

Neoliparis  atlanticus. 

The  13  most  common  species  which  were  taken  in  the  dredge  may  be  grouped  as 
follows  in  respect  to  their  known  geographical  range:  Predominantly  northern,  2;  pre- 
dominantly southern,  5;  approximately  equal,  6.  The  ranges  for  these  species  will  not 
be  stated  here,  since  these  are  given  in  the  table  below,  which  gives  the  distribution 
of  all  our  local  species. 

Leaving  the  consideration  of  these  few  species  which  were  taken  with  the  dredge 
and  passing  to  a  consideration  of  the  entire  array  of  species  which  have  been  reported 
from  the  vicinity  of  Woods  Hole,  we  may  say  that  our  local  fish  fauna  is  overwhelmingly 
southern  in  its  character.  In  the  subjoined  lists  the  Woods  Hole  fishes  have  been 
grouped  into  (i)  those  which  are  predominantly  northward  ranging;  (2)  those  which  are 
predominantly  southward  ranging;  and  (3)  those  which  have  an  approximately  equal 
range  in  both  directions  or  regarding  which  the  data  are  not  suflSciently  known.  The 
distributions  here  stated  are  taken  in  the  main  from  Jordan  and  Evermann's  "Fishes 
of  North  and  Middle  America,"  supplemented  by  data  published  by  H.  M.  Smith  and 
by  W.  C.  Kendall. 

It  will  be  seen  that  only  29  species,  or  less  than  12  per  cent  of  the  entire  number, 
are  grouped  among  the  northward-ranging  forms,  while  over  75  per  cent  are  grouped 
among  the  southward-ranging  forms.  The  remaining  13  per  cent  can  not  well  be  classed 
in  either  division,  and  they  have  accordingly  been  grouped  by  themselves. 

Viewing  these  data  in  another  way,  it  will  be  seen  that  nearly  half  of  the  total 
number  of  species  (48  per  cent)  have  not  been  recorded  from  any  point  north  of  (2ape 
Cod.  In  this  connection  allowance  must  of  course  be  made  for  the  possibility  that  the 
frequent  appearance  of  Cape  Cod  as  the  northern  limit  of  distribution,  according  to 
published  reports,  results  largely  from  the  circumstance  that  the  fishes  of  (2ape  Cod 
and  vicinity  have  been  more  fully  listed  than  those  of  almost  any  other  point  on  the 
coast.  An  equally  diligent  search  of  the  waters  to  the  northward  will  probably  reveal 
the  presence  of  many  species  which  have  hitherto  been  supposed  to  be  limited  by  this 
barrier.* 

a  For  exampk,  KendaU  (1908)  records  a  number  d  species  (or  northern  New  England,  which  by  Jordan  and  Bvermann  were 
not  listed  for  points  to  the  north  o<  Cape  Cod. 
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Again,  it  is  true  that  a  very  large  number  of  the  species  which  have  been  recorded 
for  the  Woods  Hole  region  do  not  really  belong  to  our  local  fauna  at  all,  but  are  to  be 
regarded  as  occasional  stragglers  which  probably  follow  the  Gulf  Stream  hither  from  the 
tropical  or  semitropical  seas.  Such  without  exception  are  the  barracudas  (Sphyraenidse), 
pompanos  (Trachynotus),  groupers  (Epinephelus,  Garuppa,  Mycteroperca),  snappers 
(Luiianus),  parrot-fishes  (Scams,  Sparisoma),  butterfly-fishes  (Ckatodon),  sufgeon-fishes 
(Teuthis),  trunk-fishes  (Lactophrys) ,  and  the  sargassum-fish  (Pieropkryne  kisirio)] 
together  with  most  of  the  flying-fishes  (ExacaticUB),  drums  (ScuBnida),  and  many  others. 

But  the  list  of  southward-ranging  species  is  likewise  seen  to  comprise  the  greater 
number  of  our  most  familiar  local  fishes,  both  the  permanent  residents  and  the  "migra- 
tory'* species,  which  are  only  observed  during  half  of  the  year  or  less. 

Of  the  northern  species  less  than  half  are  taken  with  any  frequency  in  local  waters. 
To  this  group  belong  most  of  the  sticklebacks  and  sculpins,  the  lumpsucker  and  "sea 
snails,"  all  of  the  "blenniform"  fishes  {Pholis,  Ulvaria,  Crypiacanthodes,  Anarkichas, 
Zoarces,  Lycodes),  about  haK  of  the  Gadidae,  three  of  the  flounders,  and  several  others. 
It  is  quite  likely  that  in  the  deep,  cold  waters  offshore  other  representatives  of  the 
northern  fish  fauna  would  be  taken. 

The  following  table  includes  all  of  the  identified  species  comprised  in  our  annotated 
list,  grouped  according  to  their  known  range  as  northern  or  southern. 

Species  having  a  predominantly  northward  range  (2p). 

Myxine  glutinosa North  Atlantic,  south  to  Cape  Cod;  one  record  off  Delaware. 

?Cetorhinus  maximus Arctic  seas,  straying  as  far  as  Virginia. 

Raja  ocellata Eastport  to  New  York. 

Salmo  salar Hudson  Bay  to  Cape  Cod;  formerly  .in  Hudson  River  and  Delaware 

River. 

Pungitius  pungitius Arctic  Sea  to  Long  Island. 

Gasterosteus  aculeatus Labrador  to  New  Jersey. 

Gasterosteus  bispinosus Bay  of  Fundy  to  Woods  Hole  and  peiiiaps  Connecticut. 

Tautogolabrus  adspersus Labrador  to  Sandy  Hook. 

Sebastes  marinus Greenland  to  New  Jersey. 

Myoxocephalus  groenlandicus  .  .Greenland  to  New  York. 
Myoxocephalus  octodecimspino- 

sus ,  Labrador  to  Virginia. 

Hemitripterus  americanus Labrador  to  New  York. 

Cyclopterus  lumpus North  Atlantic  south  to  New  York. 

Neoliparis  atlanticus Newfoundland  to  Cape  Cod;  Woods  Hole. 

Liparis  liparis Spitzbergen  to  Connecticut. 

Pholis  gunnellus Labrador  to  Bridgeport,  Conn. 

Ulvaria  subbiftu'cata North  Atlantic  south  to  Cape  Cod;  Vineyard  Sound. 

Cryptacantliodes  maculatus Labrador  to  Long  Island  Sound. 

Anarhichas  lupus North  Atlantic  south  to  Cape  Cod;  Narragansett  Bay. 

Zoarces  anguillaris Labrador  to  Delaware. 

Lycodes  reticulatus Greenland  to  Narragansett  Bay. 

Pollachius  virens North  Atlantic  south  to  Cape  Cod;  Long  Island  Sound. 

Microgadus  tomcod Labrador  to  Virginia. 

Rhinonemus  cimbrius North  Atlantic  south  in  deep  water  to  the  Gulf  Stream. 

Gaidiopsarus  argentatus Greenland  to  Vineyard  Sound. 

Brosmius  brosme North  Atlantic  south  to  Cape  Cod;  off  Newport. 

Hippoglossus  hippoglossus Northern  seas  southward  to  Sandy  Hook. 

Hippoglossoides  platessoides North  Atlantic  south  to  Cape  Cod;  Rhode  Island. 

Limanda  ferruginea Labrador  to  New  York. 
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Species  having  a  predominantly  southward  range  (igo). 

Miistelus  canis Salem,  Mass.,  to  Cuba. 

Galeocerdo  tigrinus Cape  Cod  to  tropical  seas. 

Prionace  glauca Woods  Hole  southward;  warm  seas. 

Carcharhinus  obscurus Nahant'to  North  Carolina. 

Carcharhinus  milberti Cape  Cod  to  Florida. 

Carcharhinus  limbatus Woods  Hole  (stray  specimens)  to  Brazil. 

Sphyma  zygsna Cape  Cod  to  warm  seas. 

Alopias  vulpes Eastport  to  warm  seas. 

Carcharias  littoralis Casco  Bay  to  North  Carolina 

Isurus  dekayi Casco  Bay  to  West  Indies. 

Carcharodon  carcharias Eastport  to  tropical  seas. 

Squalus  acanthias Canada  to  Cuba. 

Squatina  squatina Cape  Cod  to  Florida. 

Raja  eglanteria Gloucester  to  Florida. 

Raja  Isevis Eastport  to  Florida. 

Tetnmarce  occidentalis Casco  Bay  and  perhaps  Nova  Scotia  to  Cuba. 

Dasyatis  centrura Coast  of  Maine  to  Cape  Hatteras. 

?Dasyatis  hastata Chatham  to  Brazil. 

Pteroplatea  maclura Woods  Hole  to  Brazil. 

Myliobatisfreminvillei Cape  Cod  to  Brazil. 

Rhinoptera  bonasus Cape  Cod  to  Florida. 

Acipenser  sturio Penobscot  River  to  Charleston. 

Felichthys  marinus Cape  Cod  to  Texas. 

Galeichthys  felis Cape  Cod  to  Texas. 

Anguilla  rostrata Gulf  of  St.  Lawrence  to  Mexico. 

Leptocephalus  conger Maine  to  Brazil. 

Muraena  retifera Tuckemuck  Island  to  coast  of  South  Carolina. 

Tarpon  atlanticus Buzzards  Bay  to  Brazil. 

Elops  saurus Woods  Hole  to  tropical  seas. 

Albula  vulpes Woods  Hole  to  tropical  seas. 

Etrumeus  teres Cape  Cod  to  Gulf  of  Mexico. 

Qupanodon  pseudohispanicus.  .Cape  Cod  to  Gulf  of  Mexico. 

Pomolobus  mediocris Maine  to  Florida. 

Alosa  sapidissima Gulf  of  St.  Lawrence  to  Alabama. 

Opisthonemaoglinum Vineyard  Sound  to  West  Indies. 

Brcvoortia  tyrannus Nova  Scotia  to  Brazil. 

Anchovia  brownii Cape  Cod  to  Brazil. 

Anchovia  aigyrophanus Gulf  Stream;  occasional  northward  to  Woods  Hole,  Mass. 

Anchovia  mitchilli Casco  Bay  to  Texas. 

Trachinocephalus  myops Woods  Hole  to  Brazil. 

Synodus  foetans Cape  Cod  to  Brazil. 

Fundulus  majalis Salem  to  Florida. 

Fundulus  heteroclltus Coast  of  Maine  to  Rio  Grande. 

Lucania  parva Woods  Hole  to  Key  West. 

Cyprinodon  variegatus Cape  Cod  to  Rio  Grande. 

Tylosurus  marinus Casco  Bay  to  Texas. 

Tylosurus  acus Buzzards  Bay  (occasional)  to  West  tndies. 

Athlennes  hians Woods  Hole  to  Brazil. 

Hyporhamphus  roberti Woods  Hole  to  Panama. 

Hemirhamphus  brasiliensis Woods  Hole  to  Brazil. 

Etileptorhamphus  velox Massachusetts  to  West  Indies. 

Parexocoetus  mesogaster West  Indies;  north  in  the  Gulf  Stream  to  Newport. 

Exocoetus  rondeletii Vineyard  Sound  to  tropical  i 
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Exoccetus  volitans Banks  of  Newfoundland  to  West  Indies. 

C)rp9elunis  heteninis Banks  of  Newfoundland  to  southern  coast  oi  United  States. 

Cypselurus  furcatus Cape  Cod  to  warm  seas. 

Fistularia  tabacaria Rockport,  Mass.,  to  West  Indies. 

Syngnathus  fuscus Eastport  to  North  Carolina. 

Hippocampus hudsonius Massachusetts  Bay.'  to  Charleston. 

Menidia  beryllina  cerea Sandwich,  Mass.,  to  South  Carolina. 

Mugil  cephalus Casco  Bay  to  Brazil. 

Mugil  curema Cape  Cod  to  Brazil. 

Sphyrsena  barracuda Woods  Hole  to  Brazil. 

Sphyrsena  guachancho Woods  Hole  (occasional)  to  West  Indies. 

Sphyrama  borealis Cape  Cod  to  Cape  Fear. 

Polydactylus  octonemus Woods  Hole  to  the  Rio  Grande. 

Holocentrus  tortugse (?) 

Mullus  auratus Ca|>e  Cod  tt>  Pensacola,  Fla. 

Auxis  thazard Cape  Cod  (occasional)  to  warm  seas. 

Gymnosarda  pelamis: Cape  Cod  to  warm  seas. 

Gynmosarda  alleterata Cape  Cod  (occasional)  to  West  Indies. 

Thunnus  thynnus Newfoundland  to  Caribbean  Sea. 

Germo  alalunga Woods  Hole  to  tropical  seas. 

Sardasarda Harpswell,  Me.,  to  Hatteras. 

Scomberomorus  maculatus Maine  to  Brazil. 

Scomberomorus  regalis Cape  Cod  to  Brazil. 

Scomberomorus  cavalla Cape  Cod  to  Brazil. 

Trichiurus  lepturus Maine  to  West  Indies. 

Istiophorus  nigricans Woods  Hole  to  West  Indies. 

Tetrapterus  imperator Cape  Cod  (occasional)  to  West  Indies. 

Xiphias  gladius Cape  Breton  to  Cuba. 

Oligoplites  saurus Woods  Hole  to  West  Indies. 

Naucrates  ductor Maine  to  West  Indies. 

Seriola  zonata Salem,  Mass..  to  Cape  Hatteras. 

Seriola  lalandi Woods  Hole  to  Brazil. 

Seriola  dumerili Woods  Hole  to  West  Indies. 

Decapterus  punctatus Cape  Cod  to  Brazil. 

Decapterus  macarellus Cape  Cod  to  warm  parts  of  Atlantic. 

Trachurus  trachurus Newport;  Pensacola. 

Trachurops  crumenophthalmus .  Cape  Cod  (occasional)  to  West  Indies. 

Carangus  bartholomsd Woods  Hole  to  West  Indies. 

Carangus  hippos Lynn  to  tropical  America. 

Carangus  crysos Ipswich  Bay,  Mass.,  to  Brazil. 

Alectis  ciliaris Cape  Cod  to  tropical  America. 

Vomer  setipinnis Maine  to  Brazil. 

Selene  vomer Casco  Bay  to  Brazil. 

Trachinotus  falcatus Cape  Cod  to  Brazil. 

Trachinotus  goodei Woods  Hole  to  West  Indies. 

Trachinotus  argenteus Woods  Hole  to  West  Indies. 

Trachinotus  carolinus Cape  Cod  to  Gulf  of  Mexico. 

Rachycentron  canadus Cape  Cod  to  warm  seas. 

Nomeus  gronovii Woods  Hole  to  tropical  Atlantic. 

Coryphsena  hippurus Cape  Cod  to  Texas. 

Palintuichthys  perciformis Maine  to  Cape  Hatteras. 

Peprilus  paru Cape  Cod  to  Brazil. 

Poronotus  triacanthus Nova  Scotia  to  Florida. 

Apogon  imberbus Mediterranean  and  neighboring  waters;  Brazil. 

Apogon  maculatus Marthas  Vineyard  to  Brazil. 
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Rocctts  lineattis New  Brunswick  to  Florida. 

Morone  americana Nova  Scotia  to  South  Carolina. 

Epinephelus  adscensionis Marthas  Vineyard  to  Brazil. 

Epinephelus  niveatus Woods  Hole  to  Brazil. 

Epinephelus  mono Marthas  Vineyard  to  Brazil. 

Gamipa  nigrita Marthas  Vineyard  to  Brazil. 

Mycteroperca  bonaci Marthas  Vineyard  to  Brazil. 

PMycteroperca  interstitialis Marthas  Vineyard  to  Cuba. 

Centropristes  striatus Maine  to  Florida. 

Rypticus  bistrispinus Newport  to  Key  West. 

Lobotes  surinamensis Cape  Cod  to  warm  seas. 

Priacanthus  arenatus Woods  Hole  to  Brazil. 

Pseudopriacanthus  altus Marblehead,  Mass. ,  to  West  Indies. 

Lutianus  griseus Woods  Hole  to  Brazil. 

Lutianus  jocu Woods  Hole  (occasional)  to  Brazil. 

Lutianus  apodus Woods  Hole  (rare)  to  Brazil. 

Lutianus  blackfordii Woods  Hole  (occasional)  to  Brazil. 

Lutianus  analis Woods  Hole  (occasional)  to  Brazil. 

Ocyiuns  chrysurus Marthas  Vineyard  to  Brazil. 

Orthopristis  chr3r9opterus Marthas  Vineyard  to  Rio  Grande. 

Stenotomus  chr3rsops Eastport,  Me. ,  to  South  Carolina. 

Lagodon  rhomboides Cape  Cod  to  Cuba. 

Archosargus  probatocephalus . .  .Cape  Cod  to  Texas. 

Eucinostomus  gula Woods  Hole  to  Brazil. 

Kyphosus  sectatrix Cape  Cod  to  West  Indies. 

Kyphosus  incisor Nantucket  to  Brazil. 

Cynoscion  r^^is Maine  to  Gulf  of  Mexico. 

Larimus  fasciatus Woods  Hole  (occasional)  to  Texas. 

Scisenops  ocellatus Buzzards  Bay  to  Texas. 

Leiostomus  xanthurus Cape  Cod  to  Texas. 

Mictopogon  undulatus Cape  Cod  to  Texas. 

Menticirrhus  saxatilis Casco  Bay  to  Florida. 

Pogonias  cromis Provincetown  to  Rio  Grande. 

Eupomacentrus  leucostictus Marthas  Vineyard  to  West  Indies. 

Abudefduf  saxatilis Newport  to  Uruguay. 

Tautoga  onitis New  Brunswick  to  Charleston,  S.  C. 

Sparisoma  flavescens Woods  Hole  to  Rio  Janeiro. 

Scams  croicensis Marthas  Vineyard  to  West  Indies. 

Chsetodipterus  faber Cape  Cod  to  Rio  Janeiro. 

Chaetodon  ocellatus Woods  Hole  to  West  Indies. 

Chaetodon  capistratus Woods  Hole  to  West  Indies. 

Teuthis  csruleus Marthas  Vineyard  to  Brazil. 

Teuthis  hepatus Marthas  Vineyard  to  Brazil. 

Teuthis  bahianus Marthas  Vineyard  to  Brazil. 

Balistes  carolinensis Annisquam,  Mass.,  to  tropical  Atlantic. 

Balistes  vetula Woods  Hole  (occasional)  to  West  Indies. 

Balistes forcipatus Newport  (?)  to  Brazil. 

Canthidermis  sobaco Vineyard  Sound  to  West  Indies. 

Monacanthus  hispidus Lynn,  Mass.,  to  Brazil. 

Alutera  schcepfii Portland,  Me. ,  to  Texas. 

Alutera  mono6eios Woods  Hole  to  West  Indies. 

Lactophrys  triqueter Marthas  Vineyard  to  West  Indies. 

Lactophrys  trigonus Woods  Hole  to  West  Indies. 

Lactophrys  tricomis Marthas  Vineyard  to  tropical  Atlantic. 

Lagocephalus  Isevigatus Cape  Cod  to  Brazil. 


Digitized  by 


Google 


1 68  BULLETIN  OP  THE  BUREAU  OP  PISHERIES. 

Spheroides  spengleii Woods  Hole  to  Rio  Janeifo. 

Spheroides  maculatus Casco  Bay  to  Florida. 

Spheroides  testudineus Newport  to  West  Indies. 

Diodon  hystrix Buzzards  Bay  to  tropical  seas. 

Chilotnycterus  schoepfi Massachusetts  Bay  to  Florida. 

Chilomycterus  antillarum Woods  Hole;  Cuba  and  Jamaica. 

Mola  mola Off  Portland,  Me.,  to  tropical  seas. 

Scorpma  plumieri Marthas  Vineyard  to  Brazil. 

Scorpsena  grandioomis Marthas  Vineyard  to  Brazil. 

Prionotuscarolinus Maine  to  South  Carolina. 

Prionotus  strigatus Salem,  Mass.,  to  Virginia. 

Cephalacanthus  volitans Maine  to  Gulf  coast. 

Gobius  stigmaticus Marthas  Vineyard  to  Rio  Janeiro. 

Gobiosoma  bosci Cape  Cod  to  Florida. 

Echeneis naucrates Salem,  Mass.,  to  warm  seas. 

Remora  remora Salem  to  West  Indies. 

Remora  brachyptera Massachusetts  Bay  to  warm  seas. 

Rhombochirus  osteochir Cape  Cod  to  West  Indies. 

Lopholatilus  chamsleonticeps.  .Deep  waters  of  the  western  Atlantic. 

Opsanus  tau Massachusetts  Bay,  perhi^  Maine,  to  Cuba. 

Macrourus  bairdii Eastport  to  West  Indies. 

Paralichthys  dentatus Casoo  Bay  to  Florida. 

Lophopsetta  maculata Eastport  to  South  Carolina. 

Platophrys  ocellatus Marthas  Vineyard  to  Rio  Janeiro. 

Achirus  fasciatus Cape  Ann  to  Texas. 

Gymnachirus  nudus Woods  H(^e;  Brazil. 

Pterophryne  histrio Woods  Hole  to  tropical  Atlantic. 

Species  having  an  approximately  equal  range  to  the  north  and  south,  and  ones  whose  range  is  not  definitely 

known  (j2). 

Petromyzon  marinus Eastport  to  North  Carolina. 

?Lamna  comubica North  Atlantic;  occasionally  taken  on  coast  of  New  England  and  south- 
ward. 

Raja  erinac^ Maine  to  Virginia. 

Raja  radiata North  Atlantic. 

Clupea  harengus North  Atlantic  Ocean,  chiefly  north  of  Cape  Hatteras. 

Pomolobuspseudoharengus Atlantic  coast  of  the  United  States. 

Pomobbus  Aestivalis Atlantic  coast;  Eastport;  Southern  States. 

Salvelinus  fontinalis Labrador  to  Georgia. 

Osmerus  mordax Gulf  of  St.  Lawrence  to  Virginia. 

Maurolicus  pennanti Open  seas,  occasionally  off  New  England  coast. 

Fundulus  diaphanus Coast  of  Maine  to  Cape  Hatteras. 

Scombresox  saurus Newfotmdland  to  Beaufort. 

Cypselurus  gibbifrons Qnly  two  specimens  known. 

Apeltes  quadracus Maine  to  New  Jersey. 

Menidia  menidia  notata Nova  Scotia  to  North  Carolina. 

Ammodytes  americanus Newfotmdland  to  Cape  Hatteras. 

Scomber  scombrus Labrador  to  Cape  Hatteras. 

Scomber colias Maine;  England  to  Mediterranean;  Pacific  Ocean. 

Pomatomus  saltatrix Atlantic  and  Indian  Oceans,  widely  distributed. 

Brama  rail Open  seas,  widely  distributed. 

Centrolophus  niger Coasts  oi  southern  Etm>pe. 

Tetragonurus  cuvieri Open  Atlantic;  off  Toulon  and  Marseilles  and  near  Madeira. 

Myoxocephalus  sneus Casco  Bay  to  New  York. 

Merluccius  bilinearis Straits  of  Belle  Isle  to  Bahamas. 
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Gadus  callarias North  Atlantic,  south  to  Virginia;  North  Carolina. 

Melanogrammusaeglefinus North  Atlantic,  south  to  North  Carolina. 

Urophycis  regius North  Atlantic,  south  to  Charleston,  S.  C. 

Urophycis  tenuis Banks  of  Newfotmdland  to  Cape  Hatteras. 

Urophycis  chuss Gulf  of  St.  Lawrence  to  Virginia. 

Paralichthys  oblongus Coasts  of  New  England  and  New  York. 

Pseudopleuronectesamericanus. Labrador  to  Chesapeake  Bay;  Georgia. 
Lophius  piscatorius Nova  Scotia,  in  deep  water,  to  Barbados. 

13.  REPTIUA,  AVES.  MAMMALIA. 

These  groups  have  been  included  in  our  catalogue  for  the  sake  of  completeness, 
though  they  occupy  a  very  diflferent  position  in  our  marine  fauna  from  any  of  the  groups 
which  have  thus  far  been  discussed. 

Of  the  reptiles,  five  species  have  been  listed,  of  which  only  three  are  to  be  regarded 
as  marine  in  the  strict  sense  of  the  word.  These  are  the  sea  turtles,  which  are  occa- 
sionally taken  in  fish  traps  or  otherwise  during  the  summer  months.  We  are  indebted 
to  Dr.  Leonhard  Stejneger  for  criticizing  our  manuscript  list  of  Reptilia  and  for  aiding 
us  in  the  identification  of  one  species. 

Of  the  birds,  only  swimming  species  which  are  known  to  frequent  salt  water  have 
been  listed.  In  some  cases  it  has  not  been  easy  to  decide  whether  or  not  a  given  bird 
should  be  regarded  as  "marine. "  In  the  preparation  of  this  list  we  have  received  much 
help  from  Dr.  G.  M.  Allen  and  Prof.  Lj^ds  Jones.  Dr.  Allen  has  kindly  examined  the 
manuscript  of  our  check  list.  The  nomenclature  di  the  American  Ornithologists'  Union 
has  been  adopted  without  modification.  In  the  preparation  of  this  list,  as  in  many  other 
parts  of  our  work,  we  have  received  substantial  assistance  from  Mr.  Vinal  Edwards,  who 
has  for  many  years  collected  birds  at  Woods  Hole. 

With  the  exception  of  the  muskrat,  mink,  and  seals,  the  mammals  of  our  list  are 
all  Cetacea.  The  source  of  these  records  has  been  indicated  in  the  list  itself.  Very  few 
of  these  animals  are  seen  with  any  frequency  in  the  neighborhood  of  Woods  Hole. 
Indeed  some  of  the  whales  have  not  been  noted  within  the  region  for  many  years.  We 
are  indebted  to  Dr.  F.  W.  True  for  a  number  of  the  records  for  species,  as  well  as  for 
criticizing  our  manuscript. 
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CHiapterV.    THEORETICAL  CONSIDERATIONS. 
1.  FACTORS  DETERMINING  DISTRIBUTION. 

As  a  result  of  our  labors,  the  distribution  patterns  of  a  large  number  <A  ^>ecies 
have  been  portrayed  graphically.  Even  if  these  were  offered  merely  as  empirical 
facts,  without  any  attempt  at  an  explanation,  we  feel  that  their  publication  would  be 
fully  justified.  But  many  of  these  distribution  patterns  are  not  purely  empirical.  On 
the  contrary  they  stand  in  evident  relation  to  certain  physical  factors  in  the  environ- 
ment. The  nature  of  these  factors  has  been  already  discussed  rather  fully  in  chapter 
u,  and  concrete  examples  of  their  influence  upon  distribution  have  been  instanced 
repeatedly  in  chapter  iv.  The  factors  which  we  believe  to  be  most  effective  directly 
and  indirectly  in  determining  the  distribution  of  the  bottom-dwelling  species  through- 
out these  waters  are  (i)  the  character  of  the  bottom,  considered  chiefly  in  relation 
to  its  physical  texture;  and  (2)  the  temperature  of  the  water.  To  these  we  may  add 
another  factor  of  far  less  extended  application,  so  far  as  concerns  our  dredging  r»ults. 
This  is  (3)  depth  of  water,  or,  perhaps,  more  strictly,  proximity  to  shore,  thot^h  this 
statement  demands  considerable  explanation. 

We  are  quite  aware  that  several  other  factors  are  generally  recognized*  as  being 
of  importance  in  determining  the  di^ribution  of  marine  organisms;  and  we  do  not 
wish  to  be  understood  as  limiting  these  agencies  to  the  ones  here  enumerated.  But  we 
are  concerned  at  present  only  in  explaining  the  phenomena  encotmtered  by  us  during 
our  dredging  operations  in  the  vicinity  of  Woods  Hole.  The  factor  of  salinity  is  doubt- 
less of  the  highest  importance  in  determining  the  fatma  of  salt  marshes  and  estuaries, 
and  even  that  of  the  open  sea  near  the  mouths  of  rivers.*  But  there  are,  within  the 
limits  of  our  region,  no  streams  of  suflScient  magnitude  to  seriously  affect  the  fauna  at 
any  considerable  distance  from  shore.  Among  all  the  species  taken  in  the  course  of  our 
dredging,  we  have  encountered  not  more  than  two  or  three  which  seemed  to  be  restricted 
to  the  upper  portions  of  Buzzards  Bay,  where  alone  the  water  was  fotmd  to  be  diluted 
in  any  considerable  degree  (cf.  charts  215-218).  The  most  striking  case  of  this  sort  was 
that  of  the  sponge  Tethya  gravida^  which,  so  far  as  we  know,  has  only  been  taken  near 
the  head  of  Buzzards  Bay. 

The  presence  or  absence  of  other  organisms,  which  may  serve  as  the  food  of  a  given 
species  or  which  may  furnish  it  with  a  necessary  basis  for  attachment,  is  surely  to  be 
ranked  as  an  important  factor  in  influencing  distribution.  But  these  other  organisms 
are,  in  turn,  dependent  upon  inorganic  factors,  such  as  those  which  we  have  mentioned, 
and  thus  the  latter  may  be  regarded  as  ultimately  responsible  for  the  distribution  in  all 
cases. 

«  For  admifmble  general  disctusioiis  o<  this  mibiect  the  rcmder  is  referred  to  C.  G.  J.  rcteraen  (1893).  Herdman  et  aL  (1894). 
Watther  (1894).  and  Allen  (1899)- 

b  Certain  marine  fishes  have  been-held  to  be  sensitive.  direcUy  or  indirectly,  to  comparstlvely  slight  differences  in  the  density 
of  their  surrounding  medium.  Petterssen  (1894)  has  shown  that  the  appearance  of  herring  upon  the  Norwegian  coast  b  corre- 
lated with  periodic  changes  of  water  salinity;  but  since  the  latter  changes  are  simultaneous  with  changes  in  the  temperatute 
and  in  the  food  supply,  it  would  seem  difficult  to  cxdudc  the  influence  of  these  latter  factors.  On  the  contrary,  it  is  well  known 
(vide  Sumner.  1906.  p.  68)  that  many  marine  fishes  arc  capable  o<  living  equaUy  well  in  waters  of  widely  different  degrees  of 
salinity. 
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2.  THE  LOCAL  FAUNA  AS  INFLUENCED  BY  THE  CHARACTER  OF  THE  BOTTOM. 

Of  the  three  factors  enumerated  above,  the  first  (character  of  bottom)  is  beyond 
doubt  the  most  effective  one  in  determining  the  distribution  of  organisms  within  the 
limits  under  consideration  by  us.  It  is  a  mere  truism  that  solid  objects  are  necessary 
for  the  attachment  of  whole  groups  of  fixed  organisms,  e.  g.,  hydroids,  Bryozoa,  asddians, 
barnacles,  etc.,  as  well  as  of  many  algae.  The  presence  of  stones  or  shells  is  therefore 
essential  to  the  existence  of  such  forms.  The  absence  of  a  suitable  basis  of  support  we 
believe  to  account  in  the  main  for  the  comparative  scarcity  of  hydroids  in  Buzzards 
Bay.  Soft  mud  doubtless  interferes,  likewise,  with  the  respiratory  currents  of  many 
organisms,  and  these,  too,  would  be  better  fitted  to  live  in  Vineyard  Sound.  Other 
forms,  on  the  contrary,  require  a  muddy  bottom  in  which  to  burrow.  Thus,  many  of 
our  local  annelids  and  certain  bivalve  moUusks  are,  for  the  most  part,  restricted  to 
Buzzards  Bay.  In  some  cases,  as  stated  above,  the  relation  between  fauna  and  bottom 
is  less  direct,  as  witness  the  small  tube-dwelling  worms  of  the  genus  Spirorbis,  which 
commonly  adhere  to  various  algae. 

Since,  as  we  have  seen.  Vineyard  Sound  and  Buzzards  Bay  are  rather  sharply 
distinguished  from  each  other  by  the  presence  or  absence  of  mud  on  the  one  hand,  and 
of  clean  sand  and  gravel  on  the  other,  it  is  natural  that  the  most  obvious  distinction  in 
distribution  should  be  that  between  the  predominantly  Sound-dwelling  species  and  the 
predominantly  Bay-dwelling  species.  By  reference  to  the  lists  of  species  contained  in 
chapter  lu  it  will  be  found  that  40  per  cent  of  the  more  prevalent  species  dredged  by 
the  Fish  Hawk  in  Buzzards  Bay  do  not  appear  in  the  list  of  the  more  prevalent  species 
dredged  by  the  Fish  Hawk  in  Vineyard  Sound;  while  35  per  cent  of  the  species  con- 
tained in  the  latter  list  do  not  appear  among  the  former.  Our  distribution  charts, 
likewise,  reveal  the  occurrence  of  many  species  which  are  restricted  wholly  or  chiefly 
to  Vineyard  Sound,  and  a  considerable  number  of  others  which  are  restricted  wholly 
or  chiefly  to  Buzzards  Bay. 

Furthermore,  within  each  of  these  major  bodies  of  water,  the  local  distribution  of 
many  forms  is  very  obviously  determined  by  the  presence  of  one  or  another  variety  of 
bottom.  Thus  it  happens  that  many  species  whose  occurrence  in  Vineyard  Sound  is 
general  are  found  in  Buzzards  Bay  only  in  the  adlittoral  zone,  particularly  along  the 
Elizabeth  Islands.  Here  the  mud  is  less  prevalent,  and  the  bottom  approximates  in 
character  much  of  that  to  be  met  with  in  Vineyard  Sound.  A  type  of  distribution 
which  is  almost  the  converse  of  the  last  is  met  with  in  the  case  of  certain  mud-dwelling 
species,  which  are  of  general  occurrence  throughout  the  bottom  of  Buzzards  Bay,  but 
which  in  Vineyard  Sound  are  confined  to  a  few  definite  areas  where  mud  is  known  to  be 
present  (e.  g.,  Yoldia  limatula,  chart  135).  Vineyard  Sound  is  divisible,  as  has  been 
already  stated,  into  an  eastern  half,  in  which  the  bottom  is  predominantly  gravelly 
and  stony,  and  a  western  half,  in  which  the  bottom  is  mainly  of  sand  (see  chart  227). 
Accordingly,  many  species,  particularly  among  the  attached  forms,  are  lacking  in  the 
western  half  of  the  Sound,  except  in  the  littoral  and  adlittoral  zones;  while  certain 
sand-dwelling  species  (e.  g.,  the  "lady  crab,"  Ovalipes  ocellatus,  and  among  fishes  the 
rays  and  flounders)  are  especially  prevalent  in  that  very  region.  Such  cases  as  these 
are  not  always  easy  to  distinguish  from  those  to  be  discussed  presently,  in  which  temper- 
ature determines  which  half  of  the  Sound  is  inhabited  by  a  given  species.     The  lower 
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end  of  Buzzards  Bay,  like  its  eastern  shore,  is  comparatively  free  from  deposits  of  mud, 
and  accordingly  we  often  meet  with  species  here  which  occur  in  various  parts  of  the 
Sound,  but  which  are  rarely  or  never  met  with  in  the  more  central  parts  of  the  Bay. 
Here  again  the  temperature  factor  often  leads  to  similar  appearances,  and  it  b  therefore 
necessary  to  consider  the  total  range  of  a  species  before  we  can  form  any  definite  con- 
clusions as  to  which  factor  is  responsible  in  a  given  case. 

The  scarcity  or  apparent  total  absence  in  Buzzards  Bay  of  a  considerable  ntmiber 
of  species  belonging  to  each  of  the  subldngdoms  is,  we  believe,  due  chiefly  if  not  entirely 
to  the  character  of  the  bottom.  It  is  true  that  the  annual  extremes  of  temperature  are 
somewhat  greater  in  the  Bay  than  in  the  Sotmd,  and  it  b  true  that  the  water  density 
of  the  former  is  slightly  lower;  but  we  would  attribute  little  importance  to  these  factors 
in  determining  the  diflferences  in  their  respective  faunas. 

Tables  presented  in  chapter  in  show  that  the  list  of  prevalent  species  for  the 
Fish  Hawk  stations  in  Buzzards  Bay  is  almost  identical  with  that  for  muddy  bottoms; 
while  the  list  of  prevalent  species  for  the  Fish  Hawk  stations  in  Vineyard  Sound  includes 
but  two  species  which  were  not  contained  either  in  the  list  for  sandy  or  in  that  for  gravelly 
bottoms.  This,  however,  can  hardly  be  regarded  as  independent  evidence  that  the 
differences  in  fauna  between  the  two  bodies  of  water  are  due  to  diflferences  of  the  bottom. 

As  regards  the  variety  of  life  found  to  occur  upon  the  various  types  of  bottom,  it 
was  shown  above  that  the  number  of  species  per  dredge  haul  was  greatest  for  the  bottoms 
of  gravel  or  stones  and  least  for  the  sandy  bottoms,  while  the  muddy  bottoms  held  an 
intermediate  position  in  this  respect.  It  was  pointed  out,  however,  that  the  greater 
wealth  in  species,  recorded  for  the  muddy  bottoms,  as  compared  with  the  sandy  ones, 
might  be  due,  in  part  at  least,  to  the  fact  that  the  dredge  cut  more  deeply  into  the 
former,  and  thus  obtained  a  fairer  representation  of  the  burrowing  organisms. 

It  was  likewise  shown  statistically  that  the  average  number  of  species  per  dredge 
haul  was  greater  in  Buzzards  Bay  than  in  Vineyard  Sound.  This  was  true  despite  the 
fact  that  the  total  number  of  species  encountered  was  much  greater  in  the  Sound  than 
in  the  Bay.  We  have  interpreted  these  facts  as  signifying  that  while  the  wealth  of  spe- 
cies is,  on  the  average,  as  great  or  even  greater  at  each  particular  point  on  the  floor  of 
Buzzards  Bay,  the  greater  diversity  of  conditions  in  Vineyard  Sound  as  a  whole  results 
in  its  furnishing  a  habitat  to  a  greater  variety  of  spedes.^  This  conclusion  is  quite  in 
harmony  with  the  fact  that  the  ntmiber  of  ** prevalent"  species  for  Buzzards  Bay — i.  e., 
the  number  of  those  taken  at  one-fourth  or  more  of  the  dredging  stations — is  about  the 
same  (slightly  greater,  indeed)  than  the  similar  ntmiber  for  Vineyard  Sotmd.  On  the 
assumption  of  a  greater  uniformity  of  life  conditions  throughout  the  former,  a  lai^ger 
proportion  of  the  Bay-dwelling  species  might  be  expected  to  occur  at  one-fourth  or  more 
of  the  stations,  even  though  the  total  number  of  such  species  were  smaller. 

We  think  that  the  reader  will  be  impressed,  as  are  we,  by  the  approximate  agreement 
among  the  figures  representing  the  wealth  in  species  of  the  diflferent  types  of  bottom 
distinguished  by  us  and  of  the  diflferent  subdivisions  of  the  area  dredged.  The  figures 
(p.  77)  denoting  the  average  ntunber  of  species  per  dredge  haul  range  from  35.2  for  the 
Phalarope  stations  in  Vineyard  Sound  to  39.7  for  the  Crab  Ledge  stations,  the  mean  for 
all  the  stations  being  37.0.     Again,  the  lists  of  more  ''prevalent"  species  for  various 

•  See,  however,  discunioa  on  pp.  79.  80.  whidi  renden  this  ooachukm  aomewhAt  unccrtaui. 
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habitats  and  regions  are  of  approximately  equal  length,  the  number  of  species  ranging, 
with  a  single  exception,  between  50  and  55.  These  figures,  of  course,  in  no  way  express 
the  relative  wealth  of  animal  life  in  these  situations,  this  last  being  dependent  upon  the 
number  of  individuals  rather  than  the  number  of  species.  Unfortunately  we  have  no 
data  sufficient  for  the  purpose  of  giving  a  statistical  expression  to  the  real  wealth  of  life 
upon  different  portions  of  the  local  sea  floor.  Particular  spots  were  found,  it  is  true, 
which  were  in  large  degree  destitute  of  life,  but  whether  or  not  any  one  of  the  types  of 
bottom  or  of  the  larger  subdivisions  of  our  region  was  more  densely  populated  than 
any  other  can  not  be  stated  with  mathematical  certainty.  It  is  our  general  impression 
that  living  organisms  were  found  to  be  somewhat  less  abundant  upon  bottoms  of  com- 
paratively pure  sand,  although  it  is  true  that  this  is  the  prevailing  t}^  of  bottom  in  the 
western  portion  of  Vineyard  Sound,  to  which  many  of  our  species  are  restricted.** 

Another  fact  which  may  be  regarded  as  surprising,  despite  the  differences  pointed 
out  above,  is  the  comparatively  small  proportion  of  the  species  which  are  restricted  to 
any  particular  type  of  bottom.  Thirty  species  are  common  to  all  three  of  the  lists 
which  give  the  prevalent  forms  for  each  type  of  bottom,  this  number  representing,  on  the 
average,  60  per  cent  of  tfeie  number  contained  in  each  list.  But  even  this  figure  does  not 
fairly  express  the  number  of  those  which  were  actually  found  with  considerable  fre- 
quency upon  all  three  tjrpes  of  bottom,  since  each  list  is  restricted  to  species  so  common 
as  to  have  been  encountered  at  one-fourth  of  a  given  group  of  stations.  Again,  only 
26  per  cent  of  the  species  contained  in  the  list  of  prevalent  mud-dwelling  forms  is  pecul- 
iar to  that  list;  while  only  24  per  cent  of  the  list  for  bottoms  of  stones  and  gravel,  and 
only  13  per  cent  of  that  for  sandy  bottoms  are  peculiar  to  their  respective  lists. 

We  do  not  think  that  these  figures  fairly  express,  however,  the  obvious  differences 
in  the  characteristic  faunal  aggregations  for  different  t3rpes  of  bottom,  as  presented  to 
the  eye.  This  is  because  they  do  not  take  into  account  the  relative  number  of  indi- 
viduals belonging  to  the  various  species.  Certain  species  which  are  characteristic  of 
muddy  bottoms  (e.  g.,  certain  bivalve  mollusks  and  worms)  are  present  in  great  numbers 
in  an  average  dredge  haul  made  upon  such  a  bottom.  But  along  with  them  are  smaller 
numbers  of  a  great  variety  of  species,  which  are  not  especially  characteristic.  The  same 
may  be  said  of  the  other  types  of  bottom.  Thus  the  real  distinctness  of  the  faunal 
aggregations  in  question  could  only  be  adequately  expressed  by  reference  to  the  relative 
abundance  of  each  species.^  Again  it  must  be  once  more  emphasized  that  the  mixing 
up,  in  a  single  dredge  haul,  of  organisms  from  several  quite  distinct  bottoms  is  in  some 
measure  responsible  for  this  apparent  lack  of  distinctness  in  their  respective  habitats. 
This  is  particularly  true  of  relatively  small  areas  of  sea  floor,  such  as  those  under  consid- 
eration, in  which  quite  various  deposits  are  fotmd  to  alternate  with  one  another  at  fre- 
quent intervals.  It  is  likely,  indeed,  that  under  such  circumstances  there  is  much  over- 
lapping and  intermingling  of  faunal  aggregations  which  elsewhere  might  be  far  more 
distinct.  Finally,  it  must  be  remembered  that  the  lists  of  ** prevalent"  species,  as  here 
constituted,  exclude  many  forms  which  are  highly  characteristic  of  the  t>ottoms  in  ques- 
tion, and  which,  in  some  cases,  are  restricted  to  them. 

a  It  is  here,  indeed,  that  line  fishing  for  madcerel  and  flounders  is  carried  on  with  the  greatest  success, 
ft  Of  course,  in  a  certain  measure  the  wealth  of  a  given  species  in  individuals  determines  the  frequency  with  whichit  appears 
Id  the  dredging  records.    It  is  self-evident  that  the  more  abundant  species  are  more  likely  to  be  taken  than  less  common  ooes. 
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It  would  be  bard  to  characterize  ih  any  brief  statement  the  fauna!  assemblages 
proper  to  the  various  types  of  bottom.  Such  assemblages  have  been  presented  in 
four  illustrative  cases  (p.  58-62),  and  composite  pictures,  including  the  more  charac- 
teristic species,  have  been  given  elsewhere  in  chapter  m.  An  attempt  to  still  further 
condense  these  data  would,  we  fear,  result  in  a  mere  statement  of  platitudes.  If  maybe 
allowable  to  mention,  however,  that  the  most  characteristic  species  found  upon  muddy 
l)ottoms  were  annelids  and  bivalve  moUusks,  many  of  which  were  restricted  to  such 
bottoms;  the  most  characteristic  species  found  upon  bottoms  of  stones  or  gravel  were 
hydroids,  Bryozoa,  and  asddians;  while  the  few  species  which  were  in  any  real  sense 
restricted  to  bottoms  of  clear  sand  were  either  burrowing  species  (Ovalipes,  Echinaracknius, 
certain  lamellibranchs),  or  fishes  (flounders  and  skates)  which  adhered  closely  to  the 

bottom. 

3.  THE  INFLUENCE  OF  TEMPERATURE. 

The  temperature  factor  is,  with  little  doubt,  the  controlling  one  in  the  case  of  many 
species  belonging  to  several  diflFerent  phyla.  On  page  74  is  given  a  list  of  species  which 
were  dredged  predominantly  or  exclusively  in  the  colder  waters  of  the  region,  i.  e.,  at 
the  western  end  of  \^neyard  Sound  and  the  mouth  of  Buzzards  Bay.  Here  the  summer 
temperature  of  the  bottom  water  averages  about  10*^  F,  (5.6®  C.)  lower  than  in  the  imme- 
diate neighborhood  of  Woods  Hole.  Reference  to  the  stated  ranges  of  these  species 
revealed  the  fact  that  in  15  out  of  the  20  cases  they  are  predominantly  northward-ranging 
forms,  some  of  which,  indeed,  are  near  their  southern  limit  of  distribution.  Referwice 
has  also  been  made  to  a  number  of  less  common  forms  having  a  similar  distribution, 
but  which  are  not  included  among  those  for  which  distribution  charts  have  been  pre- 
pared. This  large  proportion  of  northward-ranging  species  among  those  occupying  the 
colder  waters  of  Vineyard  Sound  and  Buzzards  Bay  is  significant  in  view  of  the  fact 
that  a  decided  minority  (23  per  cent)  of  the  species  dredged  by  us  with  any  frequency 
throughout  the  region  at  large  are  to  be  classed  as  northward-ranging,  according  to  the 
standard  employed. 

It  is  of  interest,  also,  to  note  that  a  large  proportion  of  these  colder  water  species 
were  likewise  taken  by  us  at  Crab  Ledge,  oflF  Chatham,  where  the  water  temperatures  in 
summer  are  even  lower  than  at  the  mouth  of  Vineyard  Sound.  At  Crab  Ledge  and  at 
certain  other  outlying  points  were  also  taken  a  condderable  number  of  species  which 
appear  never  to  enter  \^neyard  Sound  or  Buzzards  Bay  at  all.  So  far  as  we  have 
ascertained  the  ranges  of  the  species,  they  belong,  almost  without  exception,  to  the 
"Acadian"  fauna  characteristic  of  the  waters  north  of  Cape  Cod. 

Another  list  was  presented  (p.  76)  of  species  which,  though  otherwise  of  general 
distribution  throughout  Vineyard  Sound,  and  in  many  cases  throughout  Buzzards  Bay 
as  well,  are  absent  from  just  those  waters  to  which  the  northern  types  are  restricted. 
This  list  was  found  to  include  none  of  the  strictly  northern  types,  while  more  than  half 
of  the  species  there  included  were  forms  which  found  in  Cape  Cod  their  northern  limit 
of  distribution.  It  is  probable  that  the  temperature  factor  is  the  one  responsible  for 
this  type  of  distribution  in  some  cases  at  least.  Many  of  these  species,  it  is  significant 
to  state,  are  conspicuously  absent  from  Crab  Ledge.  On  the  other  hand,  it  is  likely  that  for 
some  other  organisms  (e.  g.,  the  asddians)  the  uniformly  sandy  condition  of  the  bottom 
in  this  outer  portion  of  Vineyard  Sound  and  the  scarcity  of  solid  objects  suitable  for 
attachment  render  it  an  unfavorable  habitat. 
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Although  we  believe  these  evidences  of  the  distribution  of  local  species  with  relation 
to  temperature  to  be  well-nigh  conclusive,  the  fact  must  be  admitted  that  there  occur 
in  Vineyard  Sound  and  Buzzards  Bay  a  considerable  number  of  predominantly  north- 
ward-ranging species,  and  a  yet  greater  number  of  southward-ranging  ones,  whose 
distribution  within  local  waters  bears  no  possible  relation  to  temperature.  These  are 
in  some  cases  of  very  general  occurrence;  in  others  their  distribution  appears  to  be 
determined  by  the  character  of  the  bottom. 

The  actual  mode  of  operation  of  temperature  in  restricting  the  distribution  of 
^)ecies  locally  is  not  easy  to  state,  and  it  is  probable  that  no  single  formula  is  appli- 
cable to  all  cases.  In  chapter  11  the  temperature  conditions  throughout  local  waters 
have  been  discussed  rather  fully.  It  has  been  shown  that  the  temperature  of  those 
portions  of  Vineyard  Sound  and  Buzzards  Bay  which  immediately  join  the  ocean  is 
lower  than  that  of  the  more  inclosed  waters  for  probably  not  more  than  half  of  the 
year,  the  difference  being  greatest  during  the  summer  months.  It  was  also  shown  to 
be  probable  that  all  the  waters  of  the  region  reach  a  point  not  far-  from  the  freezing 
point  of  salt  water  for  a  longer  or  shorter  period  during  the  winter.  In  the  light  of 
what  we  know  regarding  local  temperature  conditions  on  the  one  hand  and  the  dis- 
tribution of  our  marine  fauna  on  the  other,  it  will  be  of  interest  to  consider  certain 
theories  which  have  been  put  forward  to  explain  the  part  played  by  this  factor  in 
limiting  the  distribution  of  organisms  in  general. 

The  influence  of  temperature  in  determining  the  distribution  of  marine  animals 
was  emphasized  by  Forbes  and  by  Dana  more  than  50  years  ago,  and  has  been  accepted 
as  almost  self-evident  by  a  large  number  of  natiualists.  Just  how  this  factor  operates 
in  limiting  the  distribution  of  a  given  species  is,  however,  far  from  plain.  Dana,^  in 
1852,  introduced  the  concept  of  "isocrymal  lines,'*  or  lines  showing  the  mean  tem- 
perature of  the  waters  along  their  course  for  the  coldest  30  consecutive  days  of  the 
year.  Ordinary  isotherms,  or  lines  of  mean  annual  temperature,  he  rejects  as  inade- 
quate, on  the  ground  that  **the  cause  which  limits  the  distribution  of  species  north- 
ward or  southward  from  the  Equator  is  the  cold  of  winter  rather  than  the  heat  of 
summer  or  even  the  mean  temperature  of  the  year"  (p.  1452). 

Such  a  principle  certainly  does  not  explain  the  effect  of  temperature  upon  distri- 
bution within  the  limits  of  our  local  waters.  Here  the  minimum  winter  temperatures 
are  probably  nearly  the  same  throughout* the  entire  region.  If  there  are  any  local 
differences  of  regular  occurrence,  it  is  without  doubt  the  shallower,  more  inclosed 
waters  which  attain  the  lowest  winter  temperatures.  But  these  are  precisely  not  the 
ones  which  are  occupied  by  the  northern  forms  of  which  we  have  spoken.  Within 
local  waters  it  is  certainly  the  summer  temperatures  rather  than  the  winter  ones 
which  are  chiefly  effective  in  limiting  the  distribution  of  species. 

Verrill  (1866,  p.  249)  maintained  that  for  birds  *'the  essential  limiting  cause  is 
the  average  temperature  of  the  breeding  season,  which  for  the  majority  of  our  birds  may 
be  taken  as  April,  May,  and  June."  This  idea  was  apparently  suggested  by  the  con- 
clusions of  certain  botanists  respecting  the  distribution  of  plants.  Merriam  (1895, 
1898),  following  out  the  same  thought,  has  been  led  to  the  belief  that  "Pand]  animals 
and  plants  are  restricted  in  northward  distribution  by  the  total  quantity  of  heat  during 

•  Dana,  xSsa,  p.  X45X-X592;  1853,  p.  153-167, 317-387. 
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the  season  of  growth  and  reproduction"  (1895,  p.  233);  while  ''animals  and  plants  are 
restricted  in  southward  distribution  by  the  mean  temperature  of  a  bri^  period  covering 
the  hottest  part  of  the  year"  (p.  234).  The  phrase  "total  quantity  of  heat"  above 
empb)red  is  not  to  be  taken  in  a  strict  sense,  however,  but  implies  "the  effective  tem- 
peratures or  degrees  of  normal  mean  daily  heat  in  excess  of  this  minimum  [6^  C.]" 
which  '*  have  been  added  together  for  each  station,  beginning  when  the  normal  mean  daily 
temperature  rises  higher  than  6^  C.  in  spring  and  continuing  until  it  falls  to  the  same 
pcnnt  at  the  end  of  the  season"  (p.  232-233).  "In  conformity  with  the  usage  of  bota- 
nists, a  minimum  temperature  of  6^  C.  (43^  F.)  has  been  assumed  as  marking  the 
inception  of  the  period  of  physiological  activity  in  plants  and  of  reproductive  activity 
in  animals"  (p.  232). 

It  is  obviously  impossible  without  qualification  to  apply  this  principle  in  explaining 
the  distribution  of  marine  animals.  Many  of  these,  as  is  well  known,  breed  during  the 
coldest  months  of  the  year,  at  a  time  when  the  temperatiue  lies  considerably  below  that 
assumed  by  Merriam  as  a  necessary  minimum  for  ph3rsiological  activity;  and  there  is  no 
general  agreement  in  the  breeding  season  of  even  closely  related  forms.  Unfortunately, 
the  period  of  sexual  reproduction  is  not  definitely  known  for  the  vast  majority  of  our  local 
species.  The  greater  part  of  such  definite  observations  as  are  available  are  contained 
in  the  rather  meager  notes  of  Bumpus  (1S98,  1898a,  1898b),  Mead  (1898),  and  Thomp- 
son (1899),  which  cover  only  the  spring  and  stunmer  months.  For  a  few  species,  how- 
ever (e.  g.,  certain  amphipods^  and  the  mollusk  Littarina  paUiata)^  we  have  definite 
evidence  that  ^gs  are  laid  nearly  or  quite  throughout  the  year. 

From  the  data  offered  by  Garstang  (1894)  for  the  breeding  periods  of  marine 
animals  at  Plymouth,  England,  we  may  make  a  rough  computation  of  the  percentage 
of  the  species  which  breed  during  each  month  of  the  year  in  those  waters.  The  folkyw- 
ing  table,  based  upon  records  for  about  200  species,  presents  these  figures: 

Per  omt.  Pcf  cent. 


January 14 

February 20 

March 23 

April 29 

May 33 

June 28 


Jwly «3 

August. 21 

September 16 

October 9 

November 7 

December. 5 


It  is  impossible  to  state  how  far  these  figures  are  representative  of  the  total  marine 
fauna,  even  at  Plymouth,  and  how  far  they  have  depended  upon  the  relative  activity 
of  the  observers  during  different  months,  but  they  seem  to  show  that  a  considerable 
proportion  of  the  species  reproduce  during  the  coldest  months  of  the  year.*  And  it 
would  be  a  safe  assumption,  even  in  the  absence  of  such  confirmatory  evidence  as  we 
possess,  that  the  same  statement  would  hold  for  the  region  of  Woods  Hole. 

Before  the  operation  of  Merriam's  law  can  be  accepted  as  a  sufficient  explanation 
of  the  non-occurrence  of  certain  southern  species  in  the  colder  waters  of  this  region,  it 
must  be  shown  that  the  "season  of  growth  and  reproduction"  coincides  with  the  period 
during  which  these  waters  are  colder.     As  a  matter  of  fact,  we  know  that  a  considerable 


a  One  oi  thete,  CaUiopius  knmsaUus,  is  included  in  the  list  of  the  cold-water.  noithward-nuDgins  species,  which  are.  fai  our 
dredging  records,  restricted  to  the  western  part  of  Vineyard  Sound. 

ft  It  must  be  added,  however,  that  the  waters  in  the  neighborhood  of  Plymouth  never  reach  such  low  temperatures  as  are 
recorded  during  the  winter  months  for  Vineyard  Sound  and  Buxzards  Bay.    (See  p.  i8j,  184,  below. ) 
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number  of  species  belonging  to  this  category  (though  not  these  in  particular)  do  repro- 
duce sexually  during  the  summer  months.  In  few  cases,  if  any,  however,  do  we  know 
from  local  observations  that  their  sexual  period  is  confined  to  these  months.  We  may 
comment  parenthetically  upon  the  urgent  need  of  determining  the  reproductive  condi- 
tion of  local  marine  organisms  throughout  the  entire  year.^ 

In  the  case  of  one  species  among  those  which  appear  to  be  restricted  to  the  warmer 
waters  of  the  region  we  have  definite  evidence  that  an  actual  destruction  of  adult  organ- 
isms may  occur  as  a  result  of  extreme  cold  in  winter.  We  refer  to  the  common  sea  urchin, 
Arhacia  /mnc/titoto,  which,  as  our  records  show  (see  pp.  1 14, 1 15),  was  almost  exterminated 
in  Vineyard  Sound  during  the  winter  of  1903-4.  And  it  is  well  known  to  fishermen  and 
others  that  great  numbers  of  dead  fishes  and  moUusks  of  certain  species  are  f requentiy 
found  after  a  particularly  hard  spell  of  cold  weather.*  This  is  sometimes  attributed 
to  the  action  of  "anchor  ice"  or  "ground  frost."  Gould  (1840)  dtes  the  case  of  an 
extensive  destruction  of  oysters  which  was  believed  to  be  due  to  this  agency.  That 
anchor  ice  does  form  in  salt  water,  even  at  the  depth  of  a  number  of  fathoms,  and  that 
it  may  "freeze  around  fish  caught  in  nets,"  is  vouched  for  by  Sir  William  Dawson  and 
others.^  On  the  other  hand,  we  are  informed  by  Prof.  Herdman  that  he  has  had  personal 
knowledge  of  the  death  from  cold  of  fishes  in  aquaria,  and  even  of  burrowing  moUusks 
along  shore,  in  cases  where  actual  freezing  was  out  of  question.  It  seems  difficult,  indeed, 
to  believe  in  such  a  wholesale  formation  of  anchor  ice  throughout  Vineyard  Sound  as 
would  be  necessary  to  account  for  the  extermination  of  the  sea  urchins  by  this  agency. 
However,  the  extermination  did  occur  during  an  exceptionally  cold  winter,  and  it  seems 
a  legitimate  inference  that  it  resulted  in  some  way  from  the  cold. 

Now  it  is  known  that  Arhacia  finds  in  this  region  its  northern  limit  of  distribution 
upon  our  coast.  It  would  seem,  therefore,  that  in  this  latitude  it  is  adapted  to  withstand- 
ing the  average  winter  but  not  the  exceptional  one.  On  the  other  hand,  no  mere  refer- 
ence to  winter  temperatures  can  explain  the  absence  of  this  species  from  the  western  end 
of  Vineyard  Sotmd,  or  from  Crab  Ledge.  For,  although  at  these  latter  points  the  sum- 
mer temperatures  are  considerably  lower  than  they  are  nearer  Woods  Hole,  the  winter 
temperatures  are  no  lower,  and  possibly,  indeed,  not  so  low.  Here,  then,  the  law  of  Mer- 
riam  may  have  application.  Arhacia  may  not  be  adapted  to  reproducing  in  these  colder 
waters. 

But  Merriam's  principle,  in  its  completed  form,  really  contains  two  wholly  distinct 
principles.  The  second  is  that  animals  are  "restricted  in  southward  distribution  by  the 
mean  temperature  of  a  brief  period  covering  the  hottest  part  of  the  year"  (1895,  p.  234). 
It  is  not  stated  whether  this  effect  has  to  do  with  the  ability  of  the  adult  orgaftism  itself 
to  withstand  higher  temperatures,  or  whether  the  reproductive  power  is  curtailed. 

As  regards  the  distribution  of  our  local  marine  fauna,  this  phase  of  Merriam's  law 
can  apply,  if  at  all,  only  to  those  predominantly  northern  species  which  were  found  to  be 
restricted  to  the  waters  which  were  cooler  during  the  summer  months.  And  it  does  seem 
likely,  indeed,  that  some  of  these  species  are  unable  to  endure  the  high  temperatures 

a  Aside  from  the  case  of  certain  fishes,  our  data  for  the  winter  months  are  derived  ahnoat  wholly  from  an  examination  of 
tow-net  collections  made  by  Mr.  Bdwards. 

b  The  scraping  action  of  ordinary  floating  ice  in  removing  the  rock- weeds  {Fucus  and  AsoDpkyUum)lTom  the  boulderB along 
diore  is  iwinted  out  in  the  tx^anical  section  of  this  report.  This  same  agency  doubtless  restricts  the  distributioa  of  audi  littoral 
animalw  as  inhabit  these  weeds,  and  may  even  affect  certain  other  forms,  e.  g.,  bamades.  which  occur  directly  on  the  rodcs.  But 
it  can,  of  course,  have  no  influence  upon  the  benthos,  with  which  we  are  especially  concerned  here. 

c  Of.  Barnes,  1906,  p.  210.  233-935. 

16269** — BtiU.  31,  pt  I — 13 12 
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attaiiied  by  our  more  inclosed  waters  during  the  hottest  part  of  the  sununer.  For  the 
great  majority  of  cases,  it  must  be  admitted  that  this  explanation  is  wholly  conjectural. 
We  know  of  at  least  one  species  of  animal,  however,  which  occurs  in  an  active  condition 
throughout  Vineyard  Sound  during  the  winter  and  spring,  but  which,  in  these  waters, 
passes  into  a  condition  of  aestivation  during  the  summer.  This  is  the  hydnnd  Tubularia 
cotUhouyi  (see  p.  565).  Now  it  is  of  significance  that  in  the  colder  waters  at  Crab  Ledge, 
and  beyond  Marthas  \^eyard,  at  a  depth  of  29  fathoms,  active  hydranths  of  this  q)ecies 
have  been  dredged  by  us  in  July  and  August.  Certain  others  among  our  local  hydroids 
are  likewise  known  to  be  dormant,  or  at  least  less  active  during  the  summer  mmiths.  It 
is  quite  conceivable  that  at  somewhat  higher  temperatures  such  species  would  be 
destroyed  altogether. 

We  may  say,  then,  that  while  there  is  some  evidence  for  the  operation  of  the  prind|^ 
of  Merriam,  in  both  of  its  phases,  in  determining  the  distribution  of  marine  organisms 
in  local  waters,  it  seems  likely  that  no  single  formula  will  suffice  to  explain  all  the  phe- 
nomena involved;  ^  and  it  is  certain  that  we  can  form  no  adequate  explanation  of  these 
until  vastly  more  data  are  at  hand.     Both  observation  and  experiment  are  demanded. 

4.  THE  INFLUENCE  OF  DEPTR 

The  great  majority  of  species  which  were  dredged  by  us  in  Vineyard  Sound  and 
Buzzards  Bay  were  found  to  have  a  distribution,  in  local  waters,  which  plainly  bore  no 
relation  to  depth.  There  are  notable  exceptions  to  this  statement,  however,  some  of 
which  it  is  our  purpose  to  discuss  in  the  present  section. 

Leaving  out  of  account  the  multitude  of  strictly  "littoral"  or  intertidal  forms,  we 
meet  with  a  considerable  number  of  species  which  are  limited  to  comparatively  shallow 
waters.  An  analysis  or  the  depth  records  for  all  these  species  ^  reveals  the  occurrence 
of  many  which  were  taken  by  us  nearly  or  quite  exclusively  in  waters  less  than  10  fathoms 
deep.  Many  of  these  species,  indeed,  occur  wholly  or  predominantly  at  depths  of  less 
than  5  fathoms.  A  considerable  number  of  such  instances  have  been  mentioned  in  the 
discussions  for  the  separate  subdivisions  of  the  animal  kingdom.  A  few  of  the  commoner 
species,  among  those  dredged,  which  show  a  distinct  preference  for  the  shallower  waters, 
both  in  the  Bay  and  the  Sound,  are:  Pista  palmata,  P.  intermedia,  Amphiihoi  rubricaia^ 
BiUium  nigrum,  Cerithiopsis  emersanii,  Crepidtda  convexa,  Lacuna  puteola,  Lyonsia 
hyalina,  and  Mya  arenaria.  Now,  an  examination  of  the  distribution  charts  for  these 
species  shows  that  they  were  dredged  chiefly,  if  not  wholly,  near  shore.  Some  of  them, 
at  least,  are  known  to  inhabit  the  intertidal  zone  as  well.  It  is  a  noteworthy  fact 
fact  that  m  some  cases  these  species  were  dredged  by  the  Fish  Hawk,  as  well  as  by  the 
Phalarope,  but  only  at  such  of  the  Fish  Hawk  stations  as  were  situated  in  the  neighbor- 
hood of  land.  The  depth  at  these  points  was  often  conaderable,  however  (10  to  15 
fathoms).  Facts  of  this  natiue  point  to  the  conclusion  that  proximity  to  shore  rather  than 
depth,  as  such,  may  be  the  factor  concerned  in  determining  the  lower  limit  of  distribu- 
tion for  species  of  this  sort.  Before  deciding  the  point  definitely,  it  would  be  necessary 
to  determine  whether  these  "  adlittoral "  species  occurred  likewise  on  shoals  at  considera- 
ble distances  from  the  land.    Unfortunately,  we  have  no  satisfactory  data  on  this  subject, 

•  Pgteum  (1893,  P*  445).dcdftret  the  Tiew  of  Semper  tliat  "evoy  sfaifle  tpccks  is  affected  by  the  tcmpentnie  in  a  wsy  cfaap- 
•ctttkde  to  itadf  alone  it,  I  think,  in  the  highest  degtce  applicable  to  our  marine  animals. " 

^  Tables  presenting  these  data  weie  prepaicd  f or  nsfe  in  the  preparation  of  this  report,  bat  they  have  not  been  indoded 
herewith. 
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since  the  only  shoal  so  situated  (the  Middle  Ground),  lying  within  the  territory  dredged 
by  us,  is  made  up  to  a  considerable  degree  of  shifting  sand,  ill  adapted  to  the  support  of 
most  animal  life. 

It  may  be  well  at  this  point  to  recall  the  type  of  distribution  displayed  by  many 
species  whose  occiurrence  is  general  in  Vineyard  Sound,  but  which  in  Buzzards  Bay  are 
limited  to  the  immediate  vicinity  of  shore.  If  we  had  the  data  for  the  Bay  alone  at 
our  disposal,  it  would  be  natural  to  suppose  that  the  species  had  a  definite  bathymetric 
limit.  We  have,  however,  the  best  reasons  for  beUeving  that  it  is  the  muddy  character 
of  the  bottom,  throughout  the  deeper  parts  of  the  Bay,  which  restricts  the  distribution 
of  such  forms. 

Whatever  be  the  causes  which  are  responsible  for  limitii^  certain  species  to  the 
shallower  waters  skirting  the  shore,  it  is  certainly  desirable  that  we  should  have  a  suitable 
word  by  which  to  designate  both  the  fauna  inhabiting  these  waters  and  the  habitat  which 
they  occupy.  .For  this  purpose  we  have  already  employed  at  various  times  the  term 
"adlittoral,"  which,  so  far  as  we  know,  has  not  been  used  by  previous  writers.  Were 
there  any  unanimity,  even  among  zoologists,  in  the  use  of  the  word  ''littoral"  itself  we 
should  have  no  hesitation  in  recommending  this  term  adlittoral.  But  the  former  word 
has  been  applied  with  very  different  degrees  of  inclusiveness,  having  been  restricted  by 
some  to  the  intertidal  zone;  while  by  others  it  has  been  so  extended  as  to  take  in  the 
whole  continental  shelf.^  It  is  in  the  more  restricted  sense  that  the  term  has  been 
employed  in  the  present  report.  For  this,  the  word  **  tidal  "^  would  be  unequivocal 
and,  indeed,  self-explanatory.  But,  unfortunately,  we  could  not  well  speak  of  a  "tidal 
species,"  however  appropriate  the  expression  ''tidal  zone"  would  seem.  Again,  this 
word  does  not  lend  itself  readily  to  a  combination  with  Latin  prefixes  such  as  ''sub" 
and  "ad." 

Now  the  word  "  sublittoral "  has  likewise  been  used  with  very  var)dng  inclusiveness,^ 
from  "just  below  the  shore  line  "  (Standard  Dictionary)  to  a  zone  reaching  to  the  greatest 
depths  at  which  algae  flourish  (Kjellman).^  This  latitude  of  definition  rests  upon  the 
inherent  ambiguity  of  the  word  itself.  For  there  is  nothing  in  its  composition  to  imply 
a  limit  of  depth,  any  more  than  there  is  in  the  words  "submarine"  or  "subterranean." 

It  is  therefore  with  hesitation  that  we  have  chosen  the  term  "adlittoral"  as 
designating  the  zone  of  shallow  water  immediately  adjacent  to  the  shore.  We  have 
not,  it  is  true,  set  any  definite  lower  limit  of  depth  to  this  zone.  That  would  doubtless 
vary  with  different  species;  likewise  with  the  abruptness  of  descent  of  the  sea  floor.^ 
But  even  in  this  loose  and  inexact  sense  it  is  certainly  a  convenient  term  by  which  to 
designate  such  waters  as  those  dredged  by  us  with  the  Phalarope  and  Blue  Wing.  As 
a  useful  alternative  term  "infratidal"  might  be  employed,  though  there  is  no  implication 
in  this  word  of  a  lower  limit  of  depth  any  more  than  in  "sublittoral." 

A  converse  type  of  distribution  to  that  just  discussed  is  exhibited  by  certain  other 
forms  which  were  dredged  predominantly  at  depths  of  lo  fathoms  or  more.  A  few  of 
the  commoner  of  such  species  are:  Tvbulcuria  couthouyi,  SUrongylocentrotus  droebacki- 

•  B.  Z-*  by  Petefgen  and  by  Ortmaim.  The  littonl  zone  of  Bdwaid  Poibes.  on  the  other  hand,  extended  from  high-water 
MtA  to  a  depth  of  a  fathnma.  To  make  ooafuaioawoneooiiloiinded,  we  have  the'' ]ittofaI''fatina  and  floia  of  land  zoology  and 
tMtany,  whidi  aie  not  marine  at  aO. 

^  The  snbftitistko  of  thia  tenn  it  favored  by  Dr.  Stejneger  in  a  letter  to  one  of  the  authors. 

«  A  dfcnlar  letter  of  inquiry  which  we  sent  to  eight  leading  American  eoologists  revealed  a  surprising  lade  of  unanimity  in 
the  use  of  an  these  terms. 

'  It  is  in  this  latter  sense  that  the  term  is  employed  in  the  botanical  section  of  this  report  (of.  p.  453, 454). 

*  PMfaapa  it  would  ordinarily  be  limited,  in  Buzzards  Bay  and  Vhieyard  Sound,  by  the  5-fathom  line,  but  this  would  not 
always  be  tme. 
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ensis,  Cancer  borealis,  Ovalipes  ocellatus,  Pagurus  acadianus,  Astarte  casfanea,  Astarte 
undata,  Venericardia  borealis,  and  Amaroucium  stellaium.  Now»  a  number  of  the  fore- 
going species,  and  in  general  a  considerable  proportion  of  those  species  which  are 
limited  to  the  deeper  waters,  have  already  been  mentioned  among  the  northern  forms 
whose  distribution  is  determined  locally  by  temperature  conditions.  It  must  be 
repeated,  however  (see  p.  28),  that  the  waters  of  the  western  end  of  Vineyard  Sound 
are  little  if  any  deeper  on  the  average  than  those  in  the  vicinity  of  Nob^ca  and  West 
Chop.  The  preference  of  these  species  for  deeper  waters  is  shown  by  their  scarcity  in 
the  adlittoral  zone.  Certain  of  them,  indeed,  were  dredged  only  by  the  Fish  Hawk. 
It  is  more  than  likely  that  the  somewhat  lower  summer  temperature  of  these  bottom 
waters,  as  compared  with  those  skirting  the  shore,  is  the  factor  resfxmsible  for  the 
restriction  of  some  species  to  the  former.  The  temperature  factor  is  not  the  one  directly 
concerned,  however,  in  the  case  of  all  of  the  animals  named.  The  distribution  of 
Ovalipes,  for  example,  is  probably  wholly  determined  by  the  character  .of  the  bottom. 
It  is  indeed  known  to  occur  on  sand  flats  in  shallow,  warm  water.  The  case  of  Amar- 
oucium stellaium  is  interesting,  since,  although  a  deep-water  spedes  in  the  sense  here 
employed,  it  is  for  the  most  part  restricted  to  the  more  easteriy  portions  of  the  Sound, 
where  the  bottoms  are  gravelly  or  stony.  Thus  its  preference  for  deeper  waters  docs 
not  appear  to  be  related  to  the  temperature  factor,  though  this  is  not  entirely  certain, 
since  the  deeper  waters  are  everywhere  somewhat  cooler  in  summer  than  are  the  shoaler 
ones.  The  marked  restriction  of  this  species  to  the  former  is  in  striking  contrast  to  the 
condition  shown  by  the  related  Amaroucium  pellucidum  constellaium  (  — i4.  consiellaium 
Verrill),  which,  although  associated  with  A.  stellatum  at  various  pcnnts,  is  likewise 
found  in  profusion  in  shallow  waters  and  even  upon  piles. 

The  vertical  distribution  of  marine  organisms  is  commonly  designated  by  the  term 
"bathymetric,"  and  it  has  been  sometimes  supposed  that  depth  was  one  of  the  primary 
factors  determining  distribution.  There  are,  of  course,  at  least  four  factors  bound  up 
in  this  one,  viz,  pressure,  temperature,  light,  and  gas  content.  Now,  it  is  not  at  all 
certain  to  what  d^ree,  if  any,  pressure  influences  distribution.  For  the  limited  depths 
within  our  region,  we  may  certainly  leave  it  out  of  account. 

Temperature  is,  as  we  have  seen,  definitely  correlated  with  depth  in  the  sea,  just 
as  it  is  with  altitude  on  land.  But  there  is,  in  local  waters,  little  difference  between 
surface  and  bottom  temperature,  except  in  those  portions  of  the  Soimd  and  the  Bay 
which  adjoin  the  open  ocean.  Some  of  the  cold*water  species  inhabiting  these  la^ 
are,  as  just  stated,  restricted  to  the  greater  depths.  On  the  other  hand,  the  restriction 
of  certain  species  (see  above)  to  the  shallow  water  immediately  skirting  the  shore  may 
be  due  in  some  cases  to  the  palpably  higher  temperature  commonly  met  with  at  such 
points  during  the  summer. 

The  relation  of  light  to  depth  has  been  treated  at  some  length  in  the  botanical 
section  of  this  report  (p.  447-449),  to  which  the  reader  is  referred.  It  is  likely  that 
for  relatively  slight  depths,  such  as  those  we  are  considering,  the  light  factor  has  little 
direct  effect  upon  the  bathymetric  distribution  of  animals.  Indirectly  it  may  be  of 
influence  in  the  case  of  certain  forms  which  dwell  upon  algae,  and  it  is  possible  that  some 
of  the  adlittoral  species  which  have  been  discussed  above  are  limited  in  this  way. 

It  may  be  repeated  in  conclusion,  however,  that,  as  regards  the  species  taken 
during  our  dredging  operations,  the  great  majority  show  little  or  no  evidence  of 
bathymetric  distribution. 
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5.  POSITION  OF  THE  LOCAL  FAUNA  IN  ZOOGEOGRAPHY. 

Certain  questions  will  naturally  present  themselves  to  the  student  of  geographical 
distribution :  What  is  the  position  of  the  Woods  Hole  fauna  in  the  fauna  of  our  American 
coast?  To  which  of  the  larger  zoogeographical  r^ons.  does  it  belong?  And  is  it 
situated  in  the  middle  of  that  r^on  or  dose  to  one  of  its  limits?  In  other  words,  do 
the  majority  of  species  have  a  range  which  extends  mainly  to  the  northward  along  this 
coast,  or  do  the  majority  have,  on  the  whole,  a  southward  range;  or  is  there  no  appred- 
ble  preponderance  of  one  sort  over  the  other?  Simple  as  these  questions  may  seem, 
it  is  difficult  to  give  them  an  answer  that  is  at  all  satisfactory.  The  known  range,  as 
distinguished  from  the  actual  range,  of  a  spedes,  is  very  frequently  determined  by 
historical  acddent.  Thus  the  Bay  of  Fundy,  Massachusetts  Bay,  Woods  Hole,  Newport, 
New  Haven,  Charleston,  etc.,  frequently  figure  in  our  literature  as  limits  of  distribution, 
and  this  for  reasons  which  are  obvious  to  anyone  familiar  with  the  history  of  American 
marine  zoology.  Verrill  and  Smith,  in  thdr  Vineyard  Sound  report,  give  Cape  Cod  as 
the  southern  limit,  or  the  northern  limit,  of  distribution  for  many  spedes  whose  known 
range  has  since  been  extended  far  beyond  this  point. 

Likewise  the  impossibility  must  be  borne  in  mind  of  forming  a  just  estimate  of  the 
geographical  range  of  a  spedes  from  any  mere  statement,  however  correct  in  itself,  of 
the  extreme  limits  of  its  distribution.  The  bathymetric  range  and  other  factors  of  its 
habitat  at  various  latidudes  must  be  taken  into  consideration.  It  was  long  ago  pointed 
out  by  Edward  Forbes  (1844,  p.  323)  that  "parallds  in  depth  are  equivalent  to  paral- 
Ids  in  latitude."  Walther  (1894)  states  that  from  the  surface  down  the  temperature 
declines  about  1°  C.  for  each  18  meters.  Accordingly,  a  spedes  which  is  truly  "boreal" 
in  its  general  tendendes,  and  which  occurs  in  abundance  along  the  littoral  zone,  in 
northern  latitudes,  may  none  the  less  be  found  in  the  deeper  colder  waters  of  a  region 
far  to  the  southward.  To  state  such  a  range  merdy  in  terms  of  latitude  would  be 
highly  misleading.  Again,  it  is  obvious  that  the  same  importance  must  not  be  attributed 
to  the  isolated  and  occasional  occurrence  of  a  given  spedes  as  to  its  occurrence  at  points 
where  it  is  widespread  and  abundant.  But  in  many  of  the  tables  which  are  available 
for  consultation  no  distinction  is  made  between  the  two. 

Furthermore,  the  question  as  to  the  position  of  the  Woods  Hole  fauna,  from  the 
standpoint  of  zoogeography,  can  not  be  answered  until  we  have  made  dear  what  is  to 
be  understood  by  the  "Woods  Hole  fauna."  If  by  this  expression  we  are  to  mean  the 
aggre^te  number  of  spedes  which  have  ever  been  taken  within  the  limits  adopted,  the 
question  would  be  a  difficult  one  to  answer,  and  the  answer,  when  given,  would  be  of 
littie  value.  Such  an  indusive  list  (which  would  be  coextensive  with  our  own  annotated 
list  or  catalogue)  would  comprise  not  only  the  truly  indigenous  spedes,  characteristic 
of  the  region,  but  the  occasional  stragglers  borne  from  southern  waters  by  the  Gulf 
Stream,  and  likewise  those  northern  forms  which  we  have  met  with  only  at  Crab  Ledge 
or  in  the  colder  waters  oflF  Gay  Head.  These  are  mostly  rare  spedes  locally,  and  are 
in  no  sense  characteristic  of  the  shallower  waters  of  this  section  of  the  New  England 
coast,  yet  the  total  number  of  such  spedes  is  very  considerable.  In  practice,  however, 
it  is  difficult  to  separate  the  truly  indigenous  types  from  those  which  are  to  be  regarded 
as  exotics  or  stragglers.  An  arbitrary  basis  of  sdection  must  therefore  be  adopted. 
For  the  purposes  of  the  ensuing  analysis  we  have  induded  as  representative  local  spedes 
only  those  which  have  been  taken  at  10  or  more  of  the  dredging  stations.    There  are 
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thus  eliminated  a  large  number  of  fonns  which  are  relatively  uncommon  in  these  waters. 
The  remaining  ones,  on  the  other  hand,  being,  for  the  most  part,  oi  comparatively 
common  occurrence,  are  just  those  whose  general  range  oi  distributicm  is  probaUy 
known  with  the  greatest  accuracy.  Such  a  list,  of  course,  comprises  only  bottom- 
dwelling  organisms  which  occur  at  depths  sufficiently  great  to  be  taken  by  the  dredge. 
It  consequently  excludes  the  littoral  and  pelagic  life  as  a  whole,  and  therefore  does  not 
represent  every  element  of  the  fauna. 

Before  entering  upon  such  an  analysis,  however,  it  may  be  of  interest  to  consider 
some  of  the  prevalent  opinions  r^;arding  the  distribution  of  marine  animals  and  plants 
upon  this  section  of  the  coast. 

It  has  been  pretty  generally  assumed  that  Cape  Cod  forms  a  rather  definite  bound- 
cuy  between  the  fauna  and  flora  inhabiting  the  regions  above  and  below  it.  This  was 
urged  by  Gould  as  early  as  1840  (see  Gould,  1840,  p.  491),  as  the  result  oi  a  study  of 
the  distribution  of  marine  moUusks.  Gould  asserts  that  '*many  whole  genera  do  not 
pass  from  one  side  to  the  other  of  this  limit.  Of  the  203  marine  species,  81  do  not  pass 
to  the  south  and  30  have  not  been  found  to  the  north  of  the  Cape,  though  many  ci 
them  approach  within  a  very  few  miles  of  each  other."  It  was  the  opinion  oi  Dana, 
likewise  (1852,  1853),  that  there  occurred  at  Cape  Cod  ''a  remarkable  transition  in 
species,  and  a  natural  boundary  between  the  south  and  the  north."  Dana  recognized 
four  zoogeographical  divisions  of  the  Atlantic  coast  of  North  America,  viz,  the  Acadian 
(first  called  by  him  ''Nova  Scotian**),  Virginian,  Carolinian,  and  Floridan.  Cape  Cod, 
he  believed,  served  to  divide  the  Acadian,  lying  to  its  north,  from  the  Virginian  on  the 
south.  Packard  sought  to  distinguish  another  region,  the  "Syrtesian,"  on  the  north  of 
the  Acadian,  between  the  latter  and  the  arctic  or  polar.^ 

From  a  consideration  of  the  actinians  and  echinoderms,  in  particular,  Verrill  (1866) 
was  led  to  the  belief  *'  that  there  are  portions  of  three  distinct  Faunae  to  be  distinguished 
on  the  coast  of  New  England,  viz:  First,  that  known  as  the  Virginian  Fauna,  extending 
from  Cape  Hatteras  to  the  southern  side  of  Cape  Cod.  *  *  ♦  Second,  that  known 
as  the  Acadian  or  Nova  Scotian  Fauna,  which  extends  along  the  shore  from  Cape  Cod  to 
the  mouth  of  the  St.  Lawrence  River,  and  includes  *  *  ♦  and  many  of  the  banks 
to  the  southward  of  Cape  Cod,  such  as  Nantucket  Shoals;  and  perhaps  the  extreme  end 
of  Long  Island.  ♦  *  *  off  the  coast  of  New  Jersey,  also,  there  are  deep-lying  banks 
or  shoals,  which  may  be  referred  to  this  Fauna.  *  *  ♦  Third,  a  more  arctic  Faima 
characterizes  the  eastern  coast  of  Labrador  and  Newfoundland,  and  the  Grand  Banks, 
which  extends  far  southward  along  our  coast  in  deep  water,  influenced  by  the  polar 
current  of  cold  water  *  which  skirts  the  northern  part  of  our  coast."  This  is  the  "Syr- 
tesian*'  fauna  of  Packard. 

Later  (1871),  referring  especially  to  his  dredging  operations  in  Vineyard  Soimd  and 
vidnity,  Verrill  writes:  "One  of  the  most  important  of  the  results  of  these  investiga- 
tions *  *  *  is  that  while  the  shores  and  shallow  waters  of  the  bays  and  sotmds,  as 
far  as  Cape  Cod,  are  occupied  chiefly  by  southern  forms,  or  the  Virginian  fauna,^  the 
deeper  chaimels  and  the  central  parts  of  Long  Island  Sound,  as  far  as  Stonington,  Conn., 
are  inhabited  almost  exclusively  by  northern  forms,  or  an  extension  of  the  Acadian 
Fauna." 

a  GU1«  1873.  p.  78a,  likewise  recognizes  the  Arctic,  Syrtesiftii.  Acadian.  Virsiniftn,  and  Carolinian  faunas. 
b  Concerninc  the  probability  of  the  existence  of  such  a  current,  see  Chapter  II  of  the  present  report. 

c  Peridns,  on  the  other  hand,  from  a  consideration  of  the  mollusks  of  the  vidnity  of  New  Haven,  wrote  in  1869:  *^Tlie  frntiia 
■ol  the  region  belongs  about  equally  to  the  Acadiim  and  Virginian  faunsc 
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S.  I.  Smith  (1879),  likewise,  from  a  study  of  certain  groups  of  Crustacea,  was  led  to 
bdieve  that  "the  fauna  from  Cape  Cod  to  Labrador  is  essentially  a  continuous  one,  or 
at  least  that  there  are  no  changes  in  it  comparable  with  the  differences  between  the 
fauna  south  and  that  north  of  Cape  Cod  Bay/' 

By  the  botanists,  also,  an  equally  great  importance  has  been  attributed  to  Cape 
Cod  as  a  division  between  the  floral  regions  distinguished  by  them.  Harvey  (1852) 
recognized  one  r^on  north  of  Cape  Cod,  "extending  probably  to  Greenland,"  while 
his  second  region  extended  from  Cape  Cod  to  the  southward  as  far  as  Cape  Hatteras. 

Farlow  wrote  in  1882 : 

It  will  be  seen  that  Cape  Cod  is  the  dividing  line  between  a  marked  northern  and  southern  flora. 
In  fact  the  difference  between  the  florae  of  Massachusetts  Bay  and  Buzzards  Bay,  which  are  only  a 
few  miles  apart,  is  greater  than  the  difference  between  those  of  Massachusetts  Bay  and  the  Bay  of  Fimdy 
or  between  those  of  Nantucket  and  Norfolk. 

Somewhat  earlier  (1873),  in  answer  to  the  question  "whether  northern  species  do 
not  occur  at  exposed  southern  points,  as  Gay  Head  and  Montauk,  and  southern  species 
wander  northward  to  Cape  Ann,"  he  gave  the  answer:  "Most  decidedly,  I  think,  such 
is  not  the  case."  Such  an  extreme  position  as  this  has  not,  however,  been  taken  by 
the  author  of  the  botanical  section  of  the  present  report. 

It  would  be  futile,  on  the  basis  of  our  own  researches  into  the  fauna  of  the  Woods 
Hole  region,  to  enter  into  any  extended  discussion  r^arding  the  position  oi  this  region 
upon  the  zoogeographical  map  of  the  world.^  As  an  adequate  preliminary  to  such  a 
discussion  one  would  need  to  have  a  more  or  less  intimate  knowledge  of  the  fauna  of 
both  shores  of  the  Atlantic  from  the  Arctic  Ocean  to  the  Tropics. 

In  a  table  in  chapter  in  (p.  88,89)  we  have  indicated  the  number  of  species,  repre- 
senting each  of  the  chief  subdivisions  of  the  animal  kingdom,  which  have  been  recorded 
from  the  Woods  Hole  region  and  from  several  other  localities  where  a  careful  inventory 
ol  the  faima  has  been  made.  The  number  of  species  has  been  stated,  also,  which  are 
known  to  be  common  to  Woods  Hole  and  to  eastern  Canada,  and  the  number  common 
to  Woods  Hole  and  to  Plymouth.  It  will  be  found  that  365(+4?)  species  are  com- 
mon to  the  Woods  Hole  and  the  Canadian  lists.  This  number  represents  more  than  30 
per  cent  of  the  total  number  of  determined  Woods  Hole  species  belonging  to  groups 
which  were  considered  in  making  the  Canadian  list  (i.  e.,  omitting  vertebrates  and 
parasitic  worms).  On  the  other  hand,  only  15  per  cent  of  the  determined  Woods 
Hole  species  (belonging  to  groups  for  which  a  comparison  is  possible)  are  common  to 
the  Plymouth  list.  A  critical  comparison  of  American  and  European  species,  and 
particularly  an  exhaustive  search  of  the  synonymy,  would  probably  increase  the  latter 
figtu^  somewhat. 

It  is  much  to  be  regretted  that  no  list  has  been  prepared  with  similar  care  of  the 
fauna  of  some  region  l3dng  about  as  far  to  the  south  of  Woods  Hole  as  the  Gulf  of 
St.  Lawrence  lies  to  the  north.  It  might  be  confidently  predicted  that  the  percentage 
of  our  local  species  which  would  appear  in  such  a  list  would  be  very  greatly  in  excess 
of  the  30  per  cent  which  are  common  to  Canada.  Data  bearing  upon  this  phase  of 
the  subject  will,  however,  be  introduced  presently. 

One  might  perhaps  have  expected  to  find  a  much  larger  proportion  of  our  Woods 
Hole  species  in  the  vicinity  of  Plymouth  than  the  15  per  cent  which  have  been  recorded. 
To  what  d^ree  these  differences  in  fatma  are  due  to  differences  in  physical  conditions 

o  We  fear  that  much  ingenuity  has  been  wasted  in  the  past  in  an  endeavor  to  diwtingiiiih  aO  the  various  " faunas ' '  represented 
QO  a  sfaigle  section  of  our  coast.    Such  entities  are,  after  all,  to  a  large  extent  figments  of  the  imagination. 
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and  to  what  degree  they  are  due  to  geog^phical  isolation  we  can  not  say.  The  surface 
temperature  of  the  sea  in  the  neighborhood  of  Plymouth  is  said  to  range  from  about 
44**  F.  (February)  to  about  59**  F.  (August).  (See  Dickson,  1892,  p.  276.)  In  this 
respect  the  conditions  are  far  different  from  those  in  Vineyard  Sound,  in  which  the 
annual  range  of  temperature  is  roughly  from  30^  F.,  or  less,  to  70^.  On  the  other  hand, 
we  know  that  broad  expanses  of  ocean  are  effective  barriers  to  distribution,  even  for 
marine  organisms. 

Although  we  have  not  imdertaken  the  ambitious  task  of  making  extended  com- 
parisons between  the  Woods  Hole  fauna  and  the  faimas  of  other  sections  of  the  Atlantic 
coast,  we  have  nevertheless  been  able  to  give  some  answer  to  the  questions:  (i)  Have 
the  majority  of  our  more  representative  species  a  range  which  is  predominantly  north- 
ward or  one  which  is  predominantly  southward  ?  (2)  In  how  large  a  degree  is  Cape 
Cod  a  barrier  to  distribution  ? 

As  stated  above,  we  have  considered  for  this  purpose  only  those  species  which  have 
been  taken  at  10  or  more  of  our  dredging  stations,  and  which,  therefore,  may  be  regarded 
as  those  which  are  most  truly  representative  of  our  local  benthos.  Of  such  species  there 
are  202,  excluding  9  species  of  Protozoa.  In  the  various  sections  of  chapter  iv  these 
species  have  been  grouped  according  to  their  range  upon  our  coast,  and  a  synopsis  of 
these  separate  lists  is  presented  in  a  table  herewith.  It  may  be  repeated  that  a  species 
has  been  regarded  as  predominantly  northward-ranging,  whose  range  (in  latitude)  to 
the  northward  on  our  coast  is  at  least  twice  as  great  as  its  range  to  the  southward.* 
A  species  has  been  r^;arded  as  southward-ranging  which  presents  the  converse  type  of 
distribution.  The  column  heahed  "Equal"  refers  to  those  species  whose  known  range 
in  one  direction  does  not  greatly  exceed  the  known  range  in  the  other  direction;  whSe 
the  doubtful  column  includes  those  concerning  which  our  data  are  insufficient.  In  many 
cases  they  have  been  found  only  in  the  immediate  vicinity  of  Woods  Hole. 
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a  This  criterion  has  not  been  applied  to  those  cases  in  which  it  is  definitely  known  that  the  extreme  southera  feoords  relate 
only  to  great  depths. 

f>  Iions  Island  Sound  has  not  been  regarded  as  south  of  the  Woods  Hok  region.  Had  it  been  so  considered,  the  figuts  ia 
this  oohimn  would  have  been  materially  incwascd. 
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• 

Of  the  entire  202  species,  loi,  or  exactly  50  per  cent,  are  believed  to  have  a  range 
upon  our  coast  which  is  predominantly  southward;  46  species  (23  per  cent)  have  a 
range  which  is  predominantly  northward;  while  31  of  them  (15  per  cent)  have  a  range 
of  approximately  equal  extent,  so  far  as  known,  in  both  directions.  The  remaining  24 
species  have  been  rel^;ated  to  the  doubtful  column.  The  fact  to  be  emphasized  is  that 
the  ratio  of  southward-ranging  species  (as  thus  defined)  to  northward-ranging  species  is 
greater  than  two  to  one,  while  about  15  per  cent  of  them  do  not  seem  to  be  thus 
restricted  in  latitude.^ 

Viewing  these  202  species  in  another  way,  it  is  to  be  noted  that  130,  or  about  64  per 
cent  of  them,  are  known  to  have  a  range  extending  north  of  Cape  Cod,  leaving  72  of 
them  (36  per  cent)  which,  so  far  as  reported,  have  not  transcended  this  barrier.  Doubt- 
less more  complete  information  will  reduce  the  latter  figure.  As  has  already  been 
pointed  out,  any  locality  where  extensive  collecting  has  been  done  is  sure  to  figure  as  the 
reputed  limit  of  distribution,  whether  northern  or  southern,  for  many  species.  It  is 
significant,  therefore,  that  only  37  of  the  species  under  consideration  (18  per  cent)  have 
not  yet  been  recorded  from  points  south  of  Woods  Hole.''  Comparing  this  figure  with 
the  36  per  cent  which  are  not  known  to  occur  north  of  Cape  Cod,  it  may  be  that  we 
have  some  measure  of  the  real  effectiveness  of  the  last  as  a  barrier  to  distribution. 

Crude,  in  the  extreme,  as  any  such  computations  must  be,  the  conclusions  seem  to  be 
fairly  well  grounded  (i)  that  Cape  Cod  does  have  an  appreciable  influence  as  a  barrier  to 
distribution,  and  (2)  that  the  southern  types  preponderate  considerably  over  the  north- 
em  ones  in  our  Woods  Hole  fauna,  or  at  least  in  that  part  of  it  which  is  accessible  to  the 
dredge.  These  generalizations  may  not  be  true  of  each  individual  group  (e.  g.,  coel- 
enterates  and  amphipods) ;  and  in  general  it  must  be  remembered  that  a  considerable 
minority  of  northern  forms  are  included  in  our  local  fauna,  while  about  64  per  cent  of 
our  species  are  known  to  occur  north  of  Cape  Cod.  On  the  other  hand,  it  is  well  to 
state  that  our  local  fish  fauna,  which  is  but  sparingly  represented  in  our  dredging  records, 
and  consequently  plays  little  part  in  the  foregoing  tabulation,  is  overwhelmingly  south- 
em,  75  per  cent  being  southward-ranging  in  the  foregoing  sense  of  the  term,  while  nearly 
50  per  cent  of  the  total  number  of  recorded  species  are  such  as  are  reputed  to  find  in 
Cape  Cod  their  northern  limit  of  distribution.  And,  lastly,  we  must  bear  in  mind  that  we 
are  here  dealing  only  with  the  benthos  of  the  region,  the  plankton,  as  well  as  the  littoral 
fauna,  being  left  out  of  consideration. 

6.  COMPARATIVE  DISTRIBUTIONS  OF  CLOSELY  RELATED  SPECIES. 

Turning  to  another  phase  of  our  subject,  it  would  be  unreasonable  to  look  to  the 
results  of  such  a  survey  as  the  present  one  for  any  considerable  light  upon  the  origin  of 
species.  Those  who  insist  upon  the  importance  of  isolation  as  a  factor  in  species  differ- 
entiation are  wont  to  maintain  that  different  subspecies  do  not  coincide  in  their  ranges, 
but  that  these  supposedly  incipient  species  are  practically  alwa3rs  separated  from  one 
another,  geographically  or  otherwise.  After  the  complete  splitting  of  a  species,  i.  e.,  its 
replacement  by  several  specifically  distinct  forms,  these  latter  may  by  migration,  it  is 
said,  come  to  occupy  the  same  territory. 

a  The  similar  treatment  by  Hoyte  of  the  deep-water  fauna  of  the  Clyde  seararea  was  unknown  to  the  present  writen  at  the 
time  when  the  focegoins  discussion  was  written.    (See  Hoyle,  1890.  p.  463  et  seq.). 

fr  More  strictly,  sooth  of  ^neyard  Sound  and  Buzzards  Bay.  Blodc  Island  and  Long  Island  Sound  havenot  been  regarded  as 
farther  south. 
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Jordan,  who  is  one  of  the  foremost  recent  advocates  of  the  theory  of  evolution  by 
isolation,  tells  us  (1905)  that  "it  is  extremely  rare  to  find  two  subspecies  inhabiting  or 
breeding  in  exactly  the  same  region."  Again:  ''Given  any  species  in  any  regicm,  the 
nearest  related  species  is  not  likely  to  be  found  in  the  same  region  nor  in  a  remote  regtoxif 
but  in  a  neighboring  district  separated  from  the  first  by  a  barrier  of  some  sort"  (p.  547). 
This,  he  says,  ''may  be  raised  to  the  dignity  of  a  general  law  of  distribution." 

Few  groups  of  marine  animals  have  been  worked  as  intensively  as  have  the  birds 
and  fresh-water  fishes  upon  which  Jordan  chiefly  relies  for  evidence  in  favor  ci  his 
theory.  It  is  largely  due  to  this  fact,  probably,  that  "subspecies,"  "varieties,"  and 
"geographical  races"  play  a  relatively  minor  part  in  the  taxonomy  of  marine  animals. 
We  thus  have  practically  no  data  at  our  present  disposal  to  test  the  first  of  Jordan's 
assertions  quoted  above.  A  case  which  perhaps  deserves  mention  at  this  point,  though 
its  relevance  may  well  be  questioned,  is  that  d  the  mollusk  PolytUces  heros,  and  its 
supposed  variety,  iriseriafa.  We  must  make  the  reservation  at  once  that  these  are 
regarded  by  some  conchologists,  e.  g.,  Dall,  as  distinct  species,  and  in  fact  we  have  our- 
selves followed  Dall  in  so  listing  them  in  our  catalogue.^  A  glance  at  the  charts^ 
(187,188)  reveals  the  fact  that  while  the  two  forms  coexist  throughout  much  d 
their  range,  they  nevertheless  do  not  present  the  same  distribution  patterns,  but  appear 
to  show  distinct  preferences  as  to  habitat.  There  is,  however,  no  real  geographical 
isolation,  for  the  two  forms  occur  on  closely  adjacent  parts  of  the  sea  floor,  being 
taken  together,  not  infrequently,  in  a  single  dredge  haul.^  Whether  or  not  these  two 
species  (or  varieties?)  cross  freely,  and  with  what  results,  we  have  no  means  of  know- 
ing at  present. 

It  is  impossible,  likewise,  for  us  to  state  whether  or  not  the  species  nearest  related 
to  any  given  one  among  our  local  fauna  occurs  in  this  region,  or  in  a  "neighboring 
district. ' '  Such  a  question  could  be  answered  only  after  an  exhaustive  research  into 
the  fauna  df  neighboring  parts  of  our  coast.  We  have  a  considerable  collection  of 
data,  however,  with  which  to  answer  the  kindred  questions:  (i)  To  what  extent  do 
members  of  the  same  genus  tend  to  differ  in  habitat?  and  (2)  Are  differ^it  members 
of  the  same  genus  less  likely  to  be  associated  together  than  species  not  so  closely 
related? 

As  bearing  upon  the  first  of  these  questions,  the  comparative  distributions  of  dif- 
ferent  species  of  the  same  genus  have  been  presented  by  us  in  a  large  number  of  cases. 
The  reader  is  especially  referred  to  the  following  examples: 


Eudcndrium,  a  species  (charts  16,  17). 
Tubularia,  2  species  (charts  18,  19). 
Asterias,  2  species  (charts  48,  49). 
Nephthys,  a  species  (charts  57,  58). 
Ampelisca,  2  species  (charts  87,  88). 
Pagunis,  4  species  (charts  109-112). 
Cancer,  2  species  (charts  115,  116). 
Anotnia,  2  species  (charts  123.  124). 

•  In  any  case  the  relationship  win  be  conceded  as  being  very  dose. 

b  Only  the  occunence  of  living  specimens  (designated  by  drcks)  can  be  taken  into  account  heie,  since  the  dead  i 
probably  tnuisportcd  constdetable  distances  by  hennlt  crabs. 

e  As  regards  geographical  range,  that  of  Pdynius  htros  is  stated  by  Dall  as  esctending  from  I^abrador  to  Virginia:  that  of 
triseriaUi  being  practically  identical,  i.  e..  from  Labrsdor  to  Cape  Hatteras. 

d  In  our  catalogue  we  have  followed  Dr.  Van  Name  in  not  regarding  one  of  these  as  a  distinct  spedes. 


Pecten,  2  species  (charts  125,  126). 
Area,  3  q>ecies  (charts  131-133). 
Astarte,  2  species  (charts  138,  139). 
Busycon,  2  species  (  charts  164,  165). 
Crepidula,  3  species  (charts  183-185). 
Polyniccs,  3  species  (charts  186-188). 
Amaiouciiiin,  3  species'  (charts  195-197). 
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There  are  several  wa3rs  in  which  two  species  may  differ  in  respect  to  their  dis- 
tribution patterns:  (i)  The  spedes  may  occur  throughout  practically  the  same  area, 
differing  only  in  their  relative  abundance;  (2)  the  range  of  one  may  be  restricted  to 
a  portion  of  the  area  occupied  by  another;  (3)  they  may  have  distributions  which  are 
in  a  certain  degree  complementary  to  one  another. 

Referring  to  the  genera  named,  it  will  be  found  that  in  few  cases,  if  any,  are  the 
distributions  of  two  members  of  the  same  genus  practically  identical,  both  as  regards 
the  area  inhabited  and  the  frequency  of  occurrence.  In  a  number  of  instances,  how- 
ever, they  differ  only  in  respect  to  frequency. 

The  t3rpe  of  difference  most  often  realized  upon  our  charts  is  the  second  among 
those  mentioned  above.  In  such  cases  one  species  may  occur  throughout  only  a  por- 
tion of  the  territory  occupied  by  the  other;  or,  at  least,  it  may  not  be  well  established 
except  in  this  portion. 

The  third  condition — ^that  of  two  species  of  the  same  genus  having  distribution 
patterns  which  are  complementary  to  one  another — is  realized  in  a  surprisingly  small 
number  of  cases  upon  our  charts.  It  appears  most  clearly  from  a  comparison  of  the 
distributions  of  Pagurus  acadianus  (chart  no)  and  P.  anmUipes  (chart  112).  We 
have  seen  that  these  are  respectively  northward-ranging  and  southward-ranging  spe- 
cies; so  that  the  habitat  selected  by  each  in  local  waters  is  not  improbably  determined 
by  temperatiu-e. 

It  is  a  familiar  fact  to  field  naturalists  that  the  various  members  of  the  same  genu^ 
frequently,  if  not  generally,  occupy  somewhat  different  habitats.  Obvious  instances 
of  this  are  not  uncommon  among  our  local  littoral  and  shallow-water  fauna,  as  for 
example  the  three  familiar  species  of  the  genus  Littorina.  Now,  our  dredging  charts 
are  not  adapted  to  revealing  such  slight  differences  of  habitat  as  may  occur  within 
the  limits  of  a  single  "station.'*  In  the  charts  for  Crepidula,  for  example,  there  is 
nothing  to  show  that  C.  fornicata  does  not  coincide  in  its  habitat  as  well  as  its  distri- 
bution, with  C.  plana;  whereas  we  know  that,  in  most  cases,  the  latter  occupies  the 
inside  of  a  hermit-crab  shell,  while  the  former  may  occupy  the  outside  of  the  same 
shell,  or  may  adhere  to  any  solid  object  whatever.  It  is  probable,  likewise,  that  the 
drifting  of  shells  and  other  lifeless  remains  may  result  in  an  apparent  obliteration 
of  actual  distinctions  in  the  distribution  of  species.  Finally,  it  seems  needless  to 
remark  thatinnosinglc'caseisthe  entire  range  of  a  species  indicated  upon  one  of  our 
charts.  Thus,  even  in  cases  where  two  species  appear  to  coincide  in  their  distribution 
locally,  the  range  of  one  may  extend  into  far  deeper  water,  off  the  coast,  than  that  of 
the  other.  It  seems  to  us,  therefore,  that  the  differences  in  the  distribution  of  closely 
related  species  have  been  minimized,  rather  than  exaggerated,  in  our  graphic  represen- 
tations. 

Whether  or  not  specific  differentiation  preceded  or  followed  these  changes  of  hab-. 
itat,  or  whether  they  went  on  pari  passu  with  such  changes,  is  not  even  suggested  by 
any  of  the  facts  which  we  have  encountered.  Who  can  say,  for  example,  whether  the 
tendency  to  restrict  itself  to  muddy  bottoms  preceded  or  followed  the  differentiation 
of  the  amphipod  Ampelisca  macrocephala  as  a  species  distinct  from  A .  spimpesf  Never- 
theless, the  bare  fact  that  various  closely  related  species  do  show  decidedly  different 
distribution  patterns  is  one  of  great  interest,  for  it  shows  that  the  slight  morphological 
differences  by  which  the  species  are  distinguished  from  one  another  are  oftentimes 
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correlated,  with  marked  ph)rstological  differences  sufficient  to  adapt  the  two  to  differing 
habitats.  Thtis  the  assertion  so  often  made  that  the  slight  structural  differences  by 
which  we  distinguish  one  species  from  another  are  commonly  of  no  conceivable  utility, 
and  therefore  can  never  have  arisen  through  the  action  of  natural  selection,  loses  mudi 
of  its  force.  While  it  may  be  true  that  these  slight  structural  differences  in  themselves 
can  play  no  significant  r61e  in  the  life  of  the  organisms  concerned,  it  is  likewise  evident 
that  there  are  certain  correlative  physiological  changes  sufficient  to  adapt  the  organisms 
to  somewhat  different  modes  of  existence.  That  natural  selection  has  been  the  con- 
trolling factor  in  the  origination  and  perpetuation  of  such  specific  differences,  whether 
morphological  or  phyaological,  is  far  from  certain.  But  that  the  characters  con- 
cerned are  in  most  cases  too  insignificant  to  be  of  selective  value  is  also  far  from  certain. 

Where  we  have  to  do  merely  with  the  adoption  of  a  more  restricted  habitat  by 
one  species  than  by  another,  it  is  quite  possible  that  the  physiological  difference  in 
question  relates  merely  to  general  constitutional  vigor;  i.  e.,  the  less  hardy  species 
may  restrict  itself  to  the  more  favorable  portion  of  the  habitat.*  Where,  however,  the 
ranges  of  the  two  species  are  more  or  less  complementary  to  one  another,  particulaiiy 
if  they  do  not  coincide  throughout  any  portion  of  their  extent,  such  an  explanation  is 
of  course  out  of  question,  and  we  are  obliged  to  fall  back  upon  the  assumption  that  each 
is  more  or  less  specifically  adapted  to  its  respective  habitat. 

In  order. to  throw  light  upon  the  second  of  the  above  questions  (u  e.,  Are  members 
>of  the  same  genus  less  likely  to  be  associated  together  than  species  which  are  not  so 
dosely  related  ?) ,  we  have  adopted  a  method  employed  by  Herdman  ( 1 895) .  This  author, 
after  noting  the  relatively  large  number  of  genera  represented  by  the  species  taken 
in  a  single  dredge  haul,*  writes:  "These  figures  are  particularly  interesting  in  their 
bearing  on  the  Darwinian  principle  that  an  aminal's  most  potent  enemies  are  its  own 
dose  allies.  Is  it  then  the  case,  as  the  above  dted  instances  suggest,  that  the  species 
of  a  genus  rardy  live  together;  that  if  in  a  haul  you  get  half  a  dozen  spedes  of  lamd- 
libranchs,  amphipods,  or  annelids  they  vrill  probably  belong  to  as  many  genera,  and 
if  these  genera  contain  other  British  spedes  these  vdll  probably  occur  in  some  other 
locality,  perhaps  on  a  different  bottom,  or  at  another  depth?  It  is  obviously  necessary 
to  count  the  total  number  of  genera  and  spedes  of  the  groups  in  the  local  fauna,  as 
known,  and  compare  these  with  the  numbers  obtained  in  particular  hauls."  In  Liver- 
pool Bay,  for  example,  "the  known  number  of  spedes  of  higher  Crustacea  is  90,  and 
these  fall  into  60  genera.  So  the  genera  are  to  the  spedes  as  2  to  3,"  whereas  in  certain 
dredging  collections  dted  "the  genera  are  to  the  spedes  on  the  average  about  as  28  to 
31,  or  nearly  7  to  8.  Again,  the  total  number  of  spedes  of  Tunicata  is  46,  and  these 
are  referred  to  20  genera;  while  in  the  case  given  above  *  *  ♦  the  12  spedes  taken 
on  one  spot  represented  10  genera,  or  a  little  over  a  quarter  of  the  spedes  represented 
half  the  genem.  These,  and  many  other  cases  which  we  might  quote,  seem  to  show 
that  a  disproportionately  large  number  of  genera  is  represented  by  the  assemblage  <rf 
spedes  at  one  spot,  which  means  that  dosdy  related  species  are,  as  a  rule,  not  found 
together"  (p.  463). 

o  This  suggestion  has  been  made  to  us  by  Prof.  Herdman. 

^  This  (act  was  pointed  out  by  Sir  John  Murray  (Challenger  "Smmnary."  p.  XA.-ts).  who,  however,  restricts  iu  appUcation 
to  great  depths,  conrluding  "in  tlie  deepest  sonc,  thereitt«,  tha  stMciss  sUukI  to  tlic  gcneta  in  Um  latio  ol  5  to  4.  and  in  the 
shallowest  xooe  Ofeady  as  1  to  i,'.l 
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When  subjected  to  statistical  analysis,  our  results  are  in  full  agreement  with  those 
of  Herdman,  though  we  are  not  convinced  of  the  truth  of  his  interpretation. 

As  shown  in  the  table  on  page  yjy  the  average  number  of  species  per  dredge  haul, 
as  based  upon  the  458  regular  stations  of  the  Survey,  is  37.0,  while  the  average  number  of 
genera  per  dredge  haul  is  34.3.  Thus  the  average  number  of  species  per  genus  is  approxi- 
mately 1.08,*  or  the  ratio  of  species  to  genera  is  about  13  to  12.  This  ratio  we  have 
thought  best  to  compare,  not  with  that  derived  from  a  consideration  of  the  entire  array 
of  species  and  genera  for  the  Woods  Hole  Region,  but  with  that  based  upon  the  total 
number  of  species  and  genera,  so  far  as  encountered  by  us  in  the  dredge.  Among 
these  are  included  510  determined  species,  representing  361  genera.  The  average  num- 
ber of  species  per  genus  is  thus  approximately  1.41,  or  the  ratio  of  species  to  genera  is 
as  7  to  5. 

So  far,  then,  we  seem  to  be  in  complete  agreement  with  Herdman.  A  quite  different 
explanation  from  that  given  by  him  has,  however,  suggested  itself.  It  has  occurred  to 
us  that  the  same  relations  would  follow  if  some  of  our  genera  contained  a  considerable 
number  of  uncommon  species.  These  latter  might  not  be  taken  with  sufficient  fre- 
quency to  aflfect  appreciably  the  average  number  of  species  per  dredge  haul,  but  they 
would  greatly  augment  the  number  of  species  per  genus  when  the  total  number  of  those 
encountered  were  taken  into  account.  Now,  as  a  matter  of  fact,  many  of  the  genera 
do  contain  a  considerable  number  of  rare  species — species  which  were  taken  once  only, 
or  a  very  few  times — in  addition  to  common  ones.  On  the  other  hand,  it  is  true  that 
we  also  meet  with  certain  rare  species  which  are  the  only  representatives  in  local  waters 
of  their  respective  genera.  Thus  there  would  seem  to  be  nothing  to  show  whether  the 
inclusion  of  these  less  common  species  would  augment  or  decrease  the  average  number 
of  species  per  genus  in  our  fauna. 

One  test  may  be  applied,  however.  We  may  restrict  our  computation  to  the  com- 
moner species,  and  determine  the  ratio  of  species  to  genera  among  these.  For  this  pur- 
pose let  us  employ  those  species  which  were  taken  at  10  or  more  of  our  dredging  sta- 
tions. Among  these  we  find  209  species  *  representing  178  genera.  The  average  number 
of  species  per  genus  is  thus  about  1.18,  a  figure  very  much  smaller  than  that  represent- 
ing the  number  of  species  per  genus  in  the  entire  array  of  organisms  dredged  by  us. 
Indeed  it  approaches  more  nearly  the  figure  (1.08)  expressing  the  average  ratio  within 
the  limits  of  a  single  dredge  haul.  Thus  the  conclusion  seems  warranted  that  the 
larger  number  of  species  per  genus  found  to  occur  in  the  fauna  at  large,  as  com- 
pared with  the  average  number  for  a  single  dredge  haul,  isMue  largely,  if  not  wholly,  to 
the  inclusion  in  the  former  reckoning  of  the  rarer  members  of  certain  genera. 
Such  species  do  not,  on  the  other  hand,  occur  with  sufficient  frequency  to  appreciably 
aflfect  the  ratio  for  the  average  dredge  haul.  If  this  reasoning  be  correct,  what  seemed 
to  be  a  fascinating  and  clear-cut  demonstration  of  a  significant  principle  of  distribution 
falls  to  the  ground. 

a  We  are  quite  aware  that  Uie  ratio  between  these  groM  averages  has  not  exactly  the  same  value  as  the  average  of  the  separate 

ratios  for  the  various  dredge  hauls.     In  other  words,  ^  -h^^     ■  has  not  the  same  value  as  f  ?+ _+f  ^  +3.    Where  the  num- 

3  3  \x    y    zf 

ber  of  terms isso  great,  however,  the  results  derived  from  the  two  methods  of  computation  must  be  suffidenUy  dose  for  present 
purposes. 

b  Including  Protozoa. 
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7.  CHANGES  IN  THE  COMPOSITION  OF  THE  LOCAL  FAUNA. 

Every  area  of  land  or  sea  doubtless  undergoes  more  or  less  frequent  changes  in  the 
composition  of  its  fauna  and  flora,  due  to  the  immigration  or  artificial  introduction  of 
exotic  species  or  the  extinction  of  indigenous  ones.  For  the  Woods  Hole  region  we 
have  certain  well-known  and  highly  authentic  instances  of  this  phenomenon,  together 
with  some  others  which  seem  probable,  if  only  inferential. 

The  best -known  local  instances  of  the  sort  are  those  of  the  European  periwinkle, 
LiUorina  litorea,  and  of  the  small  sea  anemone,  Sagartia  lucue.  Rather  full  accounts  oi 
the  history  of  both  of  these  immigrants  are  fortunately  extant.  (See  Verrill,  1880; 
Ganong,  1886;  Verrill,  1898;  Parker,  1902.  These  accounts  are  summarized  in  oiu:  own 
catalogue.)  It  may  be  here  remarked  that  the  periwinkle  reached  Woods  Hole  from 
the  north  about  1876;  while  the  anemone  seems  to  have  come  from  the  south, 
arriving  about  1898.  Within  about  30  years,  and  perhaps  much  less,  LiUorina  lilorea 
has  become  the  most  abundant  and  generally  distributed  of  our  Uttoral  (intertidal) 
mollusks,  while  Sagartia  Iucub  in  a  considerably  shorter  time  has  become  by  far  the 
commonest  local  actinian.  It  would  be  interesting  to  know  what  e£Fects,  if  any,  these 
immigrants  have  had  in  limiting  the  abundance  or  restricting  the  distribution  of  species 
already  present.  Unfortunately  few  observations,  if  any,  have  been  made  to  test  this 
point. 

Concerning  certain  other  species,  we  have  some  reasons  for  believing  either  Aat 
they  are,  in  local  waters,  far  more  abundant  now  than  formerly,  or  that  they  have  actu- 
ally migrated  hither  within  recent  years.  The  only  other  alternative  seems  to  be  that 
they  were  overlooked  or  confused  with  quite  distinct  species  by  a  number  of  competent 
naturalists.  For  example,  of  our  four  local  species  of  hermit  crabs,  Pagurus  annulipes 
is  second  in  abundance  only  to  the  ubiquitous  P.  lonqicarpus.  Its  distribution  in  local 
waters  is  almost  universal,  as  will  be  seen  from  a  glance  at  the  distribution  chart  for 
this  species.  Yet  this  hermit  crab  was  not  mentioned  by  Verrill  and  Smith  in  1873,* 
nor,  so  far  as  we  are  aware,  has  it  been  recorded  for  local  waters  in  any  work  prior  to 
Miss  Rathbun's  catalogue  of  the  Crustacea  of  New  England  (1905V  We  have,  it  is  true, 
learned  from  Miss  Rathbun  that  specimens  of  this  crustacean  were  recently  found 
among  the  earlier  material  dredged  by  Verrill  and  Smith.  But  the  fact  that  it  was 
overlooked,  or  at  least  not  mentioned  by  these  writers,  raises  strong  doubts  as  to  whether 
it  occurred  then  in  its  present  abundance. 

Another  problematic  case  is  that  of  one  of  the  shore  barnacles,  Chthatnalus  sielUiius^ 
which  at  present  is  extremely  abundant  upon  stones  and  boulders  between  tides  every- 
where. This  well-known  European  species  is,  in  our  waters,  at  least,  quite  distinct 
in  appearance  from  the  other  common  shore  barnacle  (Balanus  balanoides).  Yet  it 
has  not  been  mentioned  in  any  catalogue  of  New  England  fauna,  although  several  far 
less  common  drripedes  have  been  listed.  It  is  hard  to  believe  that  this  species  has 
been  habitually  confused  with  Balanus  balanoides  by  the  long  succession  of  field  natu- 
ralists and  systematic  zoologists  who  have  exploited  the  shores  of  New  England  for 

•  Alkmaixx  most  be  made  for  the  (act  that,  in  die  words  of  one  (amiHAr  with  t^ 
WM  pKtmnd  when  the  Piah  Com  minion  liad  tpent  bat  one  sonuner  at  Woods  Hole,  and  was  nished  thniach  expeditiously  for 
insertion  in  thePish  Commission  Report  for  xS7x-7a.    It  did  not  Ust  evcrytliinc  that  bad  been  diaoonrcred.  tmt  omitted  modi 
that  liad  not  been  sufficiently  studied." 

^  For  an  aoooont  ol  this  case,  see  Somncr,  X909b 


Digitized  by 


Google 


BIOLOGICAL  SURVEY  OF  WOODS  HOLE  AND  VICINITY  19I 

over  a  century.*  These  men  erred  rather  in  the  direction  of  discovering  too  many  new 
species  than  in  ignoring  well-established  ones. 

The  medusa,  Gonionemus  murhachii,  does  not  seem  to  have  been  observed  imtil 
1894,  when  according  to  Perkins  (1902)  it  ''made  an  astonishingly  sudden  appearance 
upon  the  scene."  Yet  at  present  this  relatively  conspicuous  and  readily  recognizable 
medusa  is  one  of  the  most  familiar  objects  of  research  in  the  Woods  Hole  laboratories. 
Its  distribution,  locally,  appears  to  be  rather  restricted,  however,  most  of  the  collecting 
for  this  species  being  carried  on  in  one  small  salt-water  pond. 

The  large  noncolonial  hydroid,  TubtUaria  cauthouyi,  whose  conspicuous  yellow 
perisarcs  are  dredged  with  considerable  frequency  in  Vineyard  Sound,  was  likewise 
not  referred  to  in  the  report  of  Verrill  and  Smith,  although  this  latter  listed  a  number 
of  other  hydroids  which  have  not  been  noted  by  any  subsequent  observers.  And  it  is 
likewise  somewhat  astonishing  that  neither  of  our  local  species  of  Aremcola  was  men- 
tioned in  the  Vineyard  Sound  report,  although  one,  at  least,  of  these  immense  annelids 
is  now  common  at  points  in  the  vicinity  of  Woods  Hole. 

We  can  not  attribute  so  much  importance  to  the  failure  of  previous  writers  to 
record  the  gastropod  Lacuna  puteda,  since  this  species,  although  very  abimdant,  is  like- 
wise very  small.  The  same  may  be  said  of  a  considerable  number  of  other  species 
which  are  comprised  in  our  list  but  were  not  recorded  by  various  previous  observers. 
Inconspicuous  or  imcommon  species  may  readily  be  overlooked,  even  by  competent 
collectors.  Such  an  oversight  seems  unlikely,  however,  in  the  case  of  the  other  examples 
cited  above. 

Just  the  opposite  state  of  affairs  is  to  be  noted  in  the  case  of  certain  species  which 
were  recorded  by  Verrill  as  common  in  local  waters,  but  which  the  present  writers 
have  seldom  or  never  met  with.  As  a  striking  instance  of  this  is  to  be  mentioned  the 
anemone  Edwardsia  lineaia  Verrill,  concerning  which  the  last-named  zoologist  makes 
the  following  entry  (p.  739):  "Vineyard  Soimd  and  off  Gay  Head,  6  to  12  fathoms, 
among  asddians,  annelid  tubes,  etc.,  abundant."  A  search  in  just  such  situations, 
both  by  Prof.  Hargitt  and  by  ourselves,  has  failed  to  disclose  a  single  specimen.  The 
size,  as  stated  by  Verrill  (25-35  i^^^-  long),  makes  it  unlikely  that  the  species  has  been 
persistently  overlooked  by  us. 

The  barnacle  Balanus  crenatus  was  recorded  by  Verrill  and  Smith  as  "dredged 
abundantly  in  Vineyard  Sound."  While  we  have  found  it  to  be  common  upon  piles 
at  Vineyard  Haven,  we  have  never,  with  a  few  possible  exceptions,  encotmtered  this 
species  with  the  dredge,  either  in  Vineyard  Sotmd  or  Buzzards  Bay.  This  is  true 
despite  the  fact  that  practically  all  of  the  barnacles  dredged  by  us  were  saved  for 
subsequent  inspection. 

The  crabs  Libinia  dvbia  and  Panopeus  [Eurypanopeus]  depressus  are  of  far  less 
gieneral  occurrence  in  these  waters  than  the  statements  of  Verrill  and  Smith  seem  to 
imply.  Although  we  have  encountered  both  of  these  species  in  the  shallow  waters 
near  shore,  we  have  not  a  single  authentic  record  of  either  species  having  been  taken 
in  the  dredge  during  the  course  of  our  operations. 

While  it  is  not  likely  that  all  of  these  discrepancies  between  earlier  and  later  state- 
ments can  be  attributed  to  actual  changes  in  the  occurrence  of  species,  it  is  probable 
that  some  of  them  are  due  to  such  changes. 

•  It  has  just  been  leanied  from  Prof.  M.  A.  Bigelow  that  he  noted  the  occurrence  ol  this  bamAcle  at  Woods  Hole  in  1898. 
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8.  CCWCLUSION. 

To  the  reader  who  would  demand  an  exact  economic  equivalent  for  the  labor  and 
money  here  expended,  our  answer  must  be  a  very  general  one.  Science  and  industry 
move  together.  Industry  is  helpless  without  the  aid  of  science,  and  the  greatest  indus- 
trial progress  is  at  present  being  made  by  those  countries  which  realize  this  fact  most 
fully.  But  science  can  never  prosper  if  forced  to  play  the  r61e  of  a  servant.  She  must 
be  free  to  pursue  her  own  ends  without  being  halted  at  every  step  by  the  challenge: 
Cui  bono?  The  attempt  to  restrict  otu  scientific  experts  to  problems  of  obvious  eco- 
nomic importance  would  be  equivalent  to  depriving  ourselves  of  their  services  altogether. 
It  is  to-day  accepted  as  a  commonplace  that  all  the  great  discoveries  of  a  practical 
nature  have  rested  ultimately  upon  principles  first  brought  to  light  by  the  seeker  after 
truth.  The  enlightened  manufacturer  of  Germany  looks  upon  a  well-paid  scientific 
investigator  as  a  good  invesment.  As  a  result  of  this  policy  the  rest  of  the  worid  is 
looking  on  imeasily,  while  its  own  industries  pass  into  the  hands  of  this  farsighted 
competitor.  Great  Britain  and  the  Scandinavian  countries,  the  great  fishing  nations 
of  Europe,  have  long  been  leaders  in  the  scientific  investigation  of  the  sea.  And  in 
recent  years  we  have  witnessed  the  formation  of  an  international  council,  representing 
all  of  those  nations  having  an  immediate  interest  in  the  fisheries  of  the  North  Sea,  and 
organized  for  the  study  of  hydrographic  and  biological  problems  as  well  as  of  purely 
economic  ones.  To  Americans  there  should  be  no  novelty  in  all  this.  Let  us  keep  in 
mind  the  oft-quoted  words  of  the  distinguished  founder  of  our  Fbh  Commission  in 
outlining  the  policy  adopted  by  him: 

As  the  history  of  the  fishes  themselves  would  not  be  complete  without  a  thorough  knowledge  of 
their  associates  in  the  sea,  especially  such  as  prey  upon  them  or  in  turn  constitute  their  food,  it  was 
considered  necessary  to  pfosecute  searching  inquiries  on  these  points,  especially  as  one  supposed  cause 
of  the  diminution  of  the  fishes  was  the  alleged  decrease  or  displacement  of  the  objects  upon  idiich  they 
subsist. 

Furthermore,  it  was  thought  likely  that  peculiarities  in  the  temperature  of  the  water  at  different 
depths,  its  chemical  constitution,  the  percentage  of  carbonic-acid  gas  and  of  ordinary  air,  its  currents, 
etc.,  might  all  bear  an  important  part  in  the  general  sum  of  influences  upon  the  fisheries;  and  the 
inquiry,  therefore,  ultimately  resolved  itself  into  an  investigation  of  the  chemical  and  physical  char- 
acter of  the  water,  and  of  the  natural  history  of  its  inhabitants,  whether  animal  or  v^;etable.  It  was 
considered  expedient  to  omit  nothing,  however  trivial  or  obscure,  that  mi^^t  tend  to  throw  light  upon 
the  subject  of  inquiry,  especially  as  without  such  exhaustive  investigation  it  would  be  impossible  to 
determine  what  were  the  agencies  which  exercised  the  predominant  influences  upon  the  economy  of 
the  fisheries. 

So  that  if  we  can  not,  from  otu  present  labors,  oflFer  any  suggestions  of  direct  value 
to  the  practical  fisherman,  we  trust  that  we  have  at  least  added  to  the  intelligent  imder- 
standing  of  the  marine  life  of  our  coast.  And  we  likewise  trust  that  the  ultimate  benefit 
to  the  practical  fisherman  will  be  as  great  as  that  to  the  man  of  science. 
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DESCRIPTION  OF  DREDGING  STATIONS  OCXXIPIED  DURING  PRESENT 

SURVEY. 

PISH  HAWK  STATIONS. 
Strtkw  no. 

7521.  July  28,  1903.    Nobska  Light,  NE>  K  mile;  10  fathoms;    coarse  sand;    24-inch  rake  dredge. 

(Dredge  frame  broken  during  haul.) 

7522.  July  2$,  1903.    Nobska  Light,  N  K  W,  i  mile;  10  fathoms;  stony;  24-inch  rake  dredge. 

7523.  July  28, 1903.    Nobska  Light,  NW  by  N  >^  N,  i^  miles;  13  fathoms;  stony;  24-inch  rake  dredge. 

(Dredge  net  torn  during  haul.) 

7524.  July  28,  1903.    Nobska  Light,  NNW  yi  W,  2)4  miles;  10  fathoms;  stony;  7-foot  beam  trawl. 

7525.  July  28,  1903.    Nobska  Light,  NNW  X  W,  2^  miles;  7  fathoms;  sandy;  7-foot  beam  trawl. 

7526.  July  28,  1903.    Nobska  Light,  N  X  W,  2}^  miles;  7K  fathoms;  sandy;  7-foot  beam  trawl. 

7527.  July  31,  1903.    West  Chop  SE  by  E,  Tarpaulin  Cove  W  by  S  >^  S;  9  fathoms;  sand;  24-inch  rake 

dredge. 

752S.  July  31,  1903.  West  Chop  SE  by  E  K  E,  Nobska  NE  K  N;  13  fathoms;  sandy;  24-inch  rake 
dredge. 

7529.  July  31, 1903.  West  Chop  ESE,  Nobska  NNE;  13  fathoms;  sand  and  gravel;  24-inch  rake  dredge. 

7530.  July  31,  1903.  Nobska  N  >^  E,  West  Chop  E  by  S  ^  S;  12  fathoms;  stony;  7-foot  beam  trawl. 

7531.  July  31,  1903.  Tarpaulin  Cove  W  >^  N,  Nobska  NE  by  N  X  N;  8>^  fathoms;  sandy;  24-inch 

rake  dredge. 

7532.  August  3,  1903.    West  Chop  ESE,  Tarpaidin  Cove  W  by  S  |^  S;  10  fathoms;  sand  and  stones 

24-inch  rake  dredge. 

7533.  August  3,  1903.    West  Chop  E  by  S  >^  S,  Tarpaulin  Cove  W  by  S;  10  fathoms;  sandy;  24-inch 

rake  dredge. 

7534.  August  3,  1903.    West  Chop  E  by  S,  Nobska  Point  NE,  Tarpaulin  Cove  W  X  S;  loX  fathoms; 

stony;  24-inch  rake  dredge. 

7535.  August  ^,  1903.    Nobska  Point  N  by  E  K  B,  Tarpaulin  COve  W  by  N;  10  fathoms;  gravel  and 

sand ;  24-inch  rake  dredge  (2  hauls). 

7536.  August  3,  1903.    Nobska  Point  N  by  E  K  E,  Tarpaulin  Cove  W  by  N  ^  N;  5X  fathoms;  sandy; 

24-inch  rake  dredge. 

7537.  August  7,  1903.    Tarpaulin  Cove  W  by  S  >^  S,  West  Chop  E  by  S  X  S;  15  fathoms;  coarse  gravel ; 

24-inch  dredge  (2  hauls). 

7538.  August  7,  1903.    Tarpaulin  Cove  W  X  S,  West  Chop  E  K  S;  10  fathoms;  stony;  oyster  dredge. 

7539.  August  7,  1903.    Tarpaulin  Cove  W  >^  N,  Nobska  NE;  13  fathoms;  stony;  oyster  dredge. 

7540.  August  7,  1903.    Nobska  NE  K  N,  Tarpaulin  Cove  W  by  N  >^  N;  5  fatlK>ms;  sand  and  shells; 

oyster  dredge  and  beam  trawl. 

7541.  August  7,  1903.    Nobska  NE  by  N  >^  N,  Tarpaulin  Cove  WNW;  13  fathoms;  sand  and  gravel; 

oyster  dredge. 

7542.  August  7,  1903.    Nobska  NE  by  N  f<  N,  Tarpaulin  Cove  NW  by  W  ,'2  W;  7  fathoms;  sandy; 

beam  trawl. 

7543.  August  II,  1903.    Gay  Head  SW  K  S,  Nobska  E  by  N  J^  N;  12  fathoms;  coarse  gravel;  oyster 

dredge. 

7544.  August  II,  1903.    Tarpaulin  Cove  W  K  N,  Nobska  NE  by  E  K  E;  10^ ^  fathoms;  coarse  gravel; 

oyster  dredge. 

7545.  August  II,  1903.    Tarpaulin  Cove  WNW,  Nobska  NE  }4  E;  10/4  fathoms;  stones  and  coarse 

gravel;  oyster  dredge. 

7546.  August  II,  1903.    Tarpaulin  Cove  NW  by  W  >^  W,  Nobska  NE  ^2  N;  5  fathoms',  sand  and  stones; 

7 -foot  beam  trawl  and  24- inch  dredge. 
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7547.  August  XX,  X903.    Nobska  NB  by  N,  Tarpaulin  Cove  NW  KW;  12  fathoms;  stony;  oyster  dredge. 

7548.  August  II,  1903.    Tarpaulin  Cove  NW  X  W,  Nobska  NB  by  N;  6  fatlioms;  stony;  7-loot  beam 

trawl. 

7549.  August  12,  1903.    Tarpaulin  Cove  NW,  Nobska  BNB;  la  fatlioms;  stony;  oyster  dredge. 

7550.  August  13,  1903.    Nobska  NB  by  B  X  H,  Tarpaulin  Cove  NW  yi  N;  12  fatlioms;  stony;  7-foot 

beam  trawl. 

7551.  August  12,  1903.    Nobska  NB  H  H,  Tarpaulin  Cove  NW  K  N;  9  fathoms;  sand;  7-foot  beam 

trawl  and  a4-inch  dredge. 

7552.  August  12,  1903.    Nobska  NB  K  N,  Tarpaulin  Cove  NW  by  N;  13  fathoms;  sand  and  shells; 

oyster  dredge. 

7553.  August  12,  1903.    Nobska  NB  K  N,  Tarpaulin  Cove  NW  by  N;  y}i  fathoms;  sand  and  shells; 

7-loot  beam  trawl. 

7554.  August  15,  1903.    Nobska  BNB,  Gay  Head  SW  K  S;  7K  fathoms;  muddy;  7-foot  beam  trawl, 

oyster  dredge,  24-inch  dredge. 

7555.  August  15,  1903.    Tarpaulin  Cove  N  by  B  X  B,  Nobska  NB  by  B  K  H;  12  fathoms;  sandy; 

7-foot  beam  trawl. 

7556.  August  15,  1903.    Nobska  NB  K  H,  Tarpaulin  Cove  N;  gy^  fathoms;  sandy;  7-foot  beam  trawl. 

7557.  August  18,  1903.    Tarpaulin  Cove  N  by  W,  Gay  Head  SW  K  W;  3K  to  loyi  fathoms;  sandy; 

7-foot  beam  trawl. 

7558.  August  18,  1903.    Gay  Head  SW  by  W  K  W,  Tarpaulin  Cove  N  by  W  >^  W;  17K  fathoms;  sand 

and  shells;  7-foot  beam  trawl. 

7559.  August  18,  1903.    Tarpaulin  Cove  N  by  W  X  W,  Gay  Head  WSW;  $}i  fathoms;  sandy;  7-foot 

beam  trawl.    (Very  little  material  obtained.) 

7560.  August  18, 1903.    Gay  Head  WSW,  Tarpaulin  Cove  N  X  W;  7  fadioms;  sand  and  pebbles;  beam 

trawl,  and  oyster  dredge. 

7561.  August  18,  1903.    Gay  Head  SW  by  W  X  W,  Tarpaulin  Cove  N  K  H;  X2K  fathoms;  sand  and 

stones;  7-foot  beam  trawl. 
'7563.  August  18,  19^3.    Gay  Head  SW  K  W,  Tarpaulin  Cove  N  K  E;  5X  fathoms;  sandy;  7-foot 
beam  trawl  and  34-inch  dredge. 

7563.  August  18,  1903.    Gay  Head  SW,  West  Chop  B  by  N;  8  fathoms;  gravel;  7-foot  beam  trawl. 

7564.  August  18,  1903.    Gay  Head  SW  K  S,  West  Chop  B  H  N;  13  fathoms;  sand;  7-foot  beam  trawl. 

7565.  August  18^  1903.    Gay  Head  SW  by  S  K  S,  West  Chop  B  X  N;  15  fathoms;  sandy;  7-foot  beam 

trawl  and  24-inch  dredge. 

7566.  August  21,  1903.    Gay  Head  SSW,  tangent  Naushon  B  by  N  X  N;  7X  fathoms;  sandy;  oyster 

dredge.    (Scanty  haul.) 

7567.  August  21,  1903.    Tarpaulin  Cove  NE  K  H,  Gay  Head  SW  by  S  K  S;  is  fathoms;  sandy;  7-foot 

beam  trawl  and  24-tnch  dredge.    (Scanty  haul.) 

7568.  August  21,  1903.    Tarpaulin  Cove  NB  by  N,  Cedar  Tree  Neck  E;  7K  fathoms;  sandy;  7-foot 

beam  trawl  and  24-inch  dredge.    (Scanty  haul.) 

7569.  August  21, 1903.    Tarpaulin  Cove  NB  by  N  K  N^»  ^^  Head  SW;  7  fathoms;  sandy;  7-foot  beam 

trawl  and  24-inch  dredge.    (Scanty  haul.) 

7570.  August  31,  1903.    Gay  Head  SW  K  W,  Tarpaulin  Cove  N  by  B  K  E;  12  fathoms;  sandy;  7-foot 

beam  trawl  and  34-inch  dredge.    (Scanty  haul.) 

7571.  August  31, 1903.    Tarpaulin  Cove  N  by  E>  Gay  Head  SW  by  WKW;  isfathoms;  muddy;  7-(bot 

beam  trawl  and  24-inch  dredge. 

7572.  August  21, 1903.    Tarpaulin  Cove  N  >^  B,  Gay  Head  W  by  S  X  S;  xo  fathcnns;  sandy  and  stony; 

7-loot  beam  trawl  and  24-inch  dredge. 

7573.  August  24,  1903.    Gay  Head  S  by  W>  Buoy  No.  2,  Quicks  Hole,  in  line  with  Dumpling  Li|^;  8 

fathoms;  muddy;  oyster  dredge. 

7574.  August  24,  1903.    Gay  Head  S  by  W  K  W,  Nobska  BNB;  10  fathoms;  sandy;  7-f6ot  beam  trawl 

and  24-indi  dredge. 

7575.  August  24, 1903.    Gay  Head  SW  by  S  K  S,  Nobska  NB  by  K  E;  12K  fathoms;  sandy;  7-foot  beam 

trawl  and  24-inch  dredge. 

7576.  August  34, 19^3.    Gay  Head  SW  K  S,  Cuttyhunk  Ufe  Saving  Station  W  by  N  K  N;  9^  fathoms 

sand  and  fine  gravel;  7-foot  beam  trawl  and  34-inch  dredge. 
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Station  no. 

7577.  August  24,  Z903.    Cuttyhunk  Life  Saving  Station  NW  by  W  ^  W,  Gay  Head  SW  >^  S;  8  fathoms; 

fine  gravel  and  bfoken  shells;  7-foot  beam  trawl  and  a4-inch  dredge. 

7578.  August  24,  Z903.    Gay  Head  SW  by  W,  Cuttyhunk  Life  Saving  sUtion  NW  by  W  X  W;  14  fathoms; 

sand  and  mud;  7-foot  beam  trawl  and  24-inch  dredge. 

7579.  August  24,  1903.    Gay  Head  WSW,  Tarpaulin  Cove  N  by  B  K  H;  loK  fathoms;  sandy;  7-fbot 

beam  trawl,  24-inch  dredge. 

7580.  August  24,  1903.    Gay  Head  W  f^  S,  Tarpaulin  Cove  N  by  E;  gH  fathoms;  sandy;  7-foot  beam 

trawl,  24-inch  dred^. 

7581.  August  27,  1903.    Gay  Head  S  K  W,  Cuttyhunk  Life  Saving  Station  NW  by  N  K  N;  6K  fathoms; 

black  mud  and  shells;  7-foot  beam  trawl  and  24-inch  dredge. 

7582.  August  27,  1903.    Gay  Head  S  by  E,  Black  Buoy  on  Devils  Bridge  SW;  14K  fathoms;  mud  and 

shells;  7-foot  beam  trawl  and  24-inch  dredge. 

7583.  August  27,  Z903.    Cuttyhunk  Light  NW  }4  W,  Black  Buoy  S  X  W;  13  fathoms;  sand  and  shells; 

7-foot  beam  and  trawl  and  24-inch  dredge. 

7584.  August  27,  1903.    Gay  Head  SS£,  Cuttyhunk  Light  NW  by  W;  14^  fathoms;  sandy;  7-foot  beam 

trawl  and  24-inch  dredge. 

7585.  August  28,  1903.    Gay  Head  SE  by  S  K  S,  tangent  Cuttyhunk  Island  WNW;  15  fathoms;  sandy; 

7-foot  beam  trawl  and  24-inch  dredge. 

7586.  August  28, 1903.    Gay  Head  SSE  X  E,  tangent  Cuttyhunk  Island  W  by  N  K  N;  13  fathoms;  sand 

and  mud;  7-foot  beam  trawl  and  24-inch  dredge. 

7587.  August  28,  Z903.    Gay  Head  SE  by  S  K  S,  tangent  Cuttyhunk  Island  W  >^  N;  10  fathoms;  coarse 

gravel;  oyster  dredge. 

7588.  August  28,  1903.    Gay  Head  S  by  E  ><  E,  tangent  Cuttyhunk  Island  W  X  N;  10  fathoms,  sand; 

oyster  dredge. 

7589.  August  28,  Z903.    Gay  Head  S  K  B,  tangent  Cuttyhunk  Island  W  by  N;  13  fathoms;  sandy;  7-foot 

beam  trawl  and  24-inch  dredge. 

7590.  August  28,  1903.    Gay  Head  S  >^  E,  Nobska  NE  by  E  K  B;  14K  fathoms;  sandy;  7-foot  beam 

trawl  and  24-inch  dredge. 

7591.  August  28,  Z903.    Gay  Head  S  X  W,  tangent  Cuttyhunk  Island  WNW;  14  fathoms;  sand;  7-foot 

beam  trawl  and  24-inch  dredge. 

7592.  August  28, 1903.    Gay  Head  S  by  W  K  W.  tangent  Cuttyhunk  Island  NW  by  W  X  W;  16  fathoms; 

broken  shells;  7-foot  beam  trawl  and  24-inch  dredge. 

7593.  August  28, 1903.    Gay  Head  SW,  tangent  Cuttyhunk  NW  by  W;  13  fathoms;  sandy;  7-foot  beam 

trawl  and  24-inch  dredge. 

7594.  August  28,  1903.    Gay  Head  SW  by  W  K  W,  Nobska  NE  K  B;  10  fathoms;  sandy;  7-foot  beam 

trawl  and  24-inch  dredge. 

7595.  September  i,  1903.    Gay  Head  S  K  W,  bell  buoy  E  by  N;  7  fathoms;  stones  and  gravel;  oyster 

dredge. 

7596.  September  i,  1903.    Gay  Head  S  K  W,  Nobska  NE  by  E  K  B;  7  fathoms;  hard  sand  and  rock; 

7-foot  beam  trawl,  24-inch  dredge,  and  oyster  dredge. 

7597.  September  z,  Z903.    Nobska  NE  by  E  >^  E,  Gay  Head  SW  by  S  K  S;  Z2  fathoms;  sandy;  7-foot 

beam  trawl  and  24-inch  dredge. 

7598.  September  z,  Z903.    Nobska  NE  by  E  K  B,  Gay  Head  SW  by  S  K  S;  Z3  fathoms;  sandy;  7-foot 

beam  trawl,  oyster  dredge. 

7599.  September  z,  Z903.    Gay  Head  SW  K  S,  Cuttyhunk  Life  Saving  Station  NW  K  W,  Z2K  fath- 

oms; black  mud;  7-foot  beam  trawl, 

7600.  September  z,  Z903.    Gay  Head  SW  by  W  K  W,  Tarpaulin  Cove  NE  by  N  K  N;  zo  fathoms;  hard 

sand;  7-foot  beam  trawl. 

7601.  September  z,  Z903.        Gay  Head  W  by  S  K  S,  Nobska  NE;  zo  fathoms;  muddy  sand;  oyster 

dredge. 

7602.  September  z,  Z903.    Gay  Head  W,  Nobska  NE  K  N;  7  fathoms;  muddy  sand;  7-foot  beam  trawl 

and  24-inch  dredge. 

7603.  September  2,  Z903.    Chatham  Light  WNW,  7  miles  Z7?  fathoms;  stones  and  pebbles;  7-foot  beam 

trawl  and  small  scrape  dredge;  drift  S  yi  mile. 
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604.  September  2, 1903.    Chatham  Light  W  by  N  ^  N,  distance  7  miles;  19  fathoms;  sand  and  gravel, 
oyster  dredge;  drift  W  yi  mile. 

605.  September  2,  1903.    Oiatham  light  W  by  N  ^  N,  distance  7  miles;  17  fathoms;  pebbles  and 
gravel;  oyster  dredge;  drift  SE  >i  mile. 

606.  September  2,  1903.    Chatham  light  W  by  N  K  N;  7  miles;  16  fathoms;  large  stones  and  gravel; 
oyster  dredge;  drift  SB  yi  mile. 

607.  September  2,  1903.    Chatham  light  NW  by  W  K  W,  7  miles;  16,^^  fathoms;  large  stones  and 
gravel ;  o3rster  dredge;  drift  WSW  yi  mile. 

608.  September  a,  1903.    Chatham  light  WNW,  7^  miles;  19K  fathoms;  sand  and  gravel ;  74oot  beam 
trawl  and  small  scrape  dredge  (3  separate  hatds  were  made);  drift  SSW  ;  t  mile. 

609.  September  2,  1903.    Chatham  li^^  W  >^  N,  7^  miles;  25  fathoms;  shells  and  pebbles;  o^'ster 
dredge;  drift  SB  K  mile. 

610.  July  22,  1904.    South  end  Big  Weepecket  W  by  S  K  S,  2  miles;  Nobska  light  SE  by  E  >^  E,  3^8 
miles;  4}4  fathoms;  sandy;  7-foot  beam  trawl;  scrape  dredge;  drift  SE  }%  mile. 

611.  July  22,  1904.    Nobska  light  SB  y4  E,  3K  miles;  2  small  Weepecket  Idands  in  line,  i}4  miles; 
y}4  fathoms;  black  mud;  7-foot  beam  trawl,  8cn^>e  dredge;  drift  E  J^s  mile. 

612.  July  22, 1904.    Bird  Island  light  NNE,  6f^  miles;  Fairhaven  standpipe  NW  yi  N,  7^^  miles;  73-3 

fathoms;  black  sandy  mud;  7-foot  beam  trawl ;  scrape  dredge ;  drift  ENEj  smile. 

613.  July  22,  Z904.    Bird  Island  light  NE  K  N,  6  miles;  Fair  Haven  standpipe  NW  y^  N,  tyi  miles; 
7  fathoms;  black  sandy  mud;  7-foot  beam  trawl;  scrape  dredge;  drift  ENE  ^i  mile. 

614.  July  22,  1904.    Fairhaven  standpipe  NW,  5  miles;  Angelica  and  Cormorant  Point  beacon  in  line, 
}i  mile;  5  fathoms;  black  muddy  sand;  7-foot  beam  trawl,  scrape  dredge;  drift  E  yi  mile. 

615.  July  22, 1904.    Bird  Island  lig^t  NE  by  E  K  B,  sH  miles;  Fair  Haven  standpipe  NW  yi  W,  3>^ 
miles;  3>^  fathoms;  black  muddy  sand;  7-foot  beam  trawl,  scrape  dredge;  drift  E  yi  mile. 

616.  July  25, 1904.    North  Weepecket  Island  W  by  S  X  S,  3X  miles;  end  of  Quamquisset  Point  S  by  E 
yi^.yi  mile;  5K  fathoms;  muddy  sand;  oyster  dredge;  drift  E  i^  mile. 

617.  July  25,  1904.    Wmgs  Neck  light  NNE  X  E,  7  miles;  MatUpoisett  Light  NW  by  W,  6K  miles; 
7>^  fathoms;  black  mud;  7-foot  beam  trawl;  drift  ENE  yi  mile. 

618.  July  25,  1904.    Wings  Neck  Lij^t  NE  K  N,  tyi  miles;  Mattapoisett  Light  NW  by  N  >^  N,  4-4 
miles;  7  fathoms;  soft  black  mud;  7-foot  beam  trawl;  scrape  dredge;  drift  ENE  H  mile. 

619.  July  35,  1904.    Wings  Neck  lif^t  NB  by  B  X  E,  6%  miles;  Mattapoisett  light,  NNW,  2^4 
miles;  7  fathoms;  soft  black  mud;  7-foot  beam  trawl;  scrape  dredge;  drift  ENE  yi  mile. 

620.  July  25.  1904.    Bird  Island  light  NE  by  E,  3X  miles;  Mattapoisett  light  NW  by  N  >^  N,  iK 
miles;  4  fathoms;  black  muddy  sand;  oyster  dredge;  drift  NE  >i  mile. 

621.  July  27,  1904.    Wings  Neck  Light  N  K  B,  6><  miles;  MatUpoisett  light  NW  yi  N,  7K  miles; 
$yi  fathoms;  coarse  sand  and  shell  fragments;  oyster  dredge;  drift  NNW  yi  mile. 

622.  July  27.  1904.    Wings  Neck  light  N  by  B  X  B,  5K  miles;  Mattapoisett  light  NW  ><  N,  6X 
miles;  7  fathoms;  black  muddy  sand;  7-foot  beam  trawl;  scrape  dredge;  drift  NE  yi  mile. 

623.  July  37,  1904.    Wings  Neck  Lijjit  NE  H  N,  4K  miles;  Matti^xMsett  NW  %  W.  4K  miles;  7 
fathoms;  black  mud;  7-foot  beam  trawl,  scrape  dredge;  drift  N  %  mile. 

624.  July  27,  1904.    Whigs  Neck  Lig^t  NE  by  B,  4K  miles;  Mattapoisett  NW  K  W,  3X  miles;  5>^ 
fathoms;  muddy  sand  and  shell  fragments;  7-lootbeam  trawl;  scrape  dredge,  drift  NE  yi  mile. 

625.  July  27.  1904.    Whigs  Neck  Light  E  by  N  >^  N.  4K  miles;  Mattapoisett  Light  NW  by  W  H  W. 
2  miles;  4K  fathoms;  muddy  sand;  oyster  dredge;  drift  SSW  X  mile. 

626.  July  39,  X904.    Wings  Neck  Light  N  by  B,  4  miles;   Mattapoisett  Light  NW  by  W  H  W,  6>i 

miles;  4K  fathoms;  muddy  sand  and  shell  fragments;  oyster  dredge;  drift  SW  yi  mile. 
7627.  July  39,  1904.    Wmgs  Neck  light  NE  by  N.  3K  mil^;   Bird  Island  lij^t  N  by  W  K  W,  tyi 
miles;  $yi  fathoms;  sandy;  7-foot  beam  trawl;  scrape  dredge;  drift  SW  }i  mOe. 

628.  July  29.  1904.    Wmgs  Neck  light  NE  by  B  K  B,  3  miles;  Bird  Island  Light  N  yi  W.  iH  miles; 
4  fathoms;  muddy  sand  and  shell  fragments;  oyster  dredge;  drift  SW  yi  mile. 

629.  July  29, 1904.    Black  Buoy  on  Bow  Bells  SSW  X  W,  K  mile;  Bird  Island  Light  E  ^^  N,  ^,i  mile: 

4  fathoms;  sandy  mud;  o3rster  dredge;  drift  SW  yi  mile. 
7630.  August  I,  1904.    Wings  Neck  light  N  ^  E,  2X  miles;  Bird  Island  Light  NW  yi  W,  3  miles;  4 
fathoms;  sandy;  oyster  dredge;  drift  SW  yi  mile. 
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7631.  August  I,  1904.    Wings  Neck  Light  NE  %  E,  iH  miles;  Bird  Island  Light  NW  by  W  l^i  W,  iK 

miles;  5  fathoms;  mud  and  shells;  oyster  dredge;  drift  SW  yi  mile. 
7633.  Augtist  I,  1904.    Wings  Neck  Light  E  X  S,  a  miles;  Bird  Island  Light  SW  by  W  X  W,  K  miles; 

3X  fathoms;  mud;  oyster  dredge;  drift  SW  yi  mile. 

7633.  Augtist  I,  1904.    Wings  Neck  Light  SE  by  E,  iK  miles;  Bird  Island  Light  SW  %  W,  iK  miles; 

3>^  fathoms;  muddy  sand;  oyster  dredge ;  drift  SW  yi  mile. 

7634.  August  I,  1904.    Wings  Neck  Light  SSE,  i><  miles;  Bird  Island  Light  SW  by  W  %  W,  2K  miles; 

3J4  fathoms;  sand  and  shell  fragments;  oyster  dredge;  drift  SW  yi  mile. 

7635.  August  I.  1904.    Wings  Neck  NE  by  E  X  E,  f^  mile;   Dry  Ledge  N  by  W  K  W,  2  miles;  4H' 

fathoms;  muddy  sand  and  shell  fragments;  oyster  dredge;  drift  SW  yi  mile. 

7636.  August  3,  1904.    Nobska  Light  E  by  S  K  S,  3K  miles;  Little  Weepecket  Island  and  Sippowisett 

Hotel  in  line  SSE  yi  E;  North  Weepecket  Island  yi  mile;  7  fathoms;  rocky  with  coarse  sand; 
oyster  dredge;  scrape  dredge;  drift  NW  yi  mile. 

7637.  August  3,  1904.    Nobska  Light  ESE,  5  miles;  Sippowisett  Hotel  E  K  N,  5>^  miles;  8  fathoms; 

black  sandy  mud;  7-foot  beam  trawl;  oyster  dredge;  scrape  dredge;  drift  E  yi  mile. 

7638.  August  3.  1904.    IJobska  Light  SE  by  E  X  E,  6X  miles;   MatUpoisett  Light  N  3:^  E,  6  miles; 

8  fathoms;  black  sandy  mud;  7-foot  beam  trawl;  oyster  dredge;  drift  ENE  yi  mile. 

7639.  August  3,  1904.    Nobska  Light  SE  by  E.  ^yi  miles;   Cormorant  Rock  Spindle  NE  by  N,  2K 

miles;  5K  fathoms;  hard  sand  and  rocks;  oyster  dredge;  drift  ENE  yi  mile. 

7640.  August  5,  1904.    Large  Weepecket  Island  NE  H  E,  iK  miles;  Clark's  Point  Fort  NW  H  N,  8^ 

miles;  6  fathoms;  black  sandy  mud;  oyster  dredge;  drift  NW  yi  mile. 

7641.  August  5,  1904.    North  Weepecket  Island,  E  K  N,  2K  miles;  Clark's  Point  Fort  NW  by  N.  7H 

miles;  7^3  fathoms;  soft  sandy  nmd;  7-foot  beam  trawl;  scrape  dredge;  drift  SSE  X  °iil€ 

7642.  August  5,  1904.    Sippowissett  Hotel  E  i<  N,  7K  miles;  Qark's  Point  Fort  NW  by  N,  5K  miles; 

8  fathoms;  90ft  black  mud;  oyster  dredge;  drift  SSE  yi  mile. 

7643.  August  5,  1904.    Clark's  Pomt  Fort  NW  by  N  4X  miles;  Sippowissett  Hotel  E  K  S,  8  miles;  7 

fathoms;  mud  and  muddy  sand;  beam  trawl;  oyster  dredge;  drift  SSE  yi  mile. 

7644.  August  5,  1904.    Dumpling  Rock  Light  W  by  S,  3X  miles;  Clark's  Point  Fort  NW  by  N,  3  miles; 

5K  fathoms;  sand  and  mud;  beam  trawl;  scrape  dredge;  oyster  dredge;  drift  SSE  yi  mile. 

7645.  August  8, 1904.    Lookout  on  West  Island  E  by  S  K  S,  2>g  miles;  Butlers  Flat  Light  NW,  }i  mile; 

4  fathoms;  muddy  sand  with  many  cinders;  oyster  dredge;  drift  SW  yi  mile. 

7646.  August  8,  1904.    Dumpling  Rock  Light  SW  K  S,  3  miles;  Sconticut  Neck  Beacon  SE  by  E  >^  E, 

lyi  miles;  5  fathoms;  scrft  sticky  mud;  oyster  dredge;  drift  SW  yi  mile. 

7647.  August  8,  1904.    Dumpling  Rock  Light  SW  K  W,  3  miles;  Qark's  Pomt  Fort  NW  K  N,  lyi  miles; 

6  fathoms;  soft  sandy  mud;  oyster  dredge;  drift  SW  yi  mile. 

7648.  August  8,  1904.    Clark's  Point  Fort  N  by  E  X  E,  i  mile;  bell  and  black  can  buoy  in  line,  SE  ^i 

E,  2yi  miles;  4K  fathoms;  sandy  and  many  cinders;  oy^er  dredge;  drift  SW  yi  mile. 

7649.  August  8,  1904.     Dumpling  Rock  Light  SW,  yi  mile;  Barekneed  Rocks  Spindle  NW  by  W  J  ^  W, 

I  milef  5K  fathoms;  soft  mud;  oyster  dredge;  drift  SW  yi  mile. 

7650.  August  8.  1904.    Dumpling  Rock  Light  W  K  S,  if^  mijcs;  Clark's  Pomt  Fort  N  X  E.  2^  miles; 

7  fathoms;  sandy  mud;  oyster  dredge;  drift  SW  yi  mile. 

765 1. <*  August  II,  1904.    North  Rock  and  tangent  of  Pasque  Island  in  line,  lyi  miles;  Lone  Rocks  Bell 
Buoy  W  by  N  K  N,  lyi  miles;  7K  fathoms;  soft  black  mud;  ojrster  dredge. 

7652.  August  II,  1904.    Lone  Rock  buoy  W  K  S,  2j^  miles;  south  end  Big  Weepecket  Island  NE  by 

EKE,  zH  miles;  7  fathoms;  soft  sandy  mud;  oyster  dredge;  drift  NW  yi  mile. 

7653.  August  II,  1904.    Lone  Rock  buoy  SW  yi  W,  2^  miles;  North  Weepecket  Island  E  by  N,  ^H 

miles;  8  fathoms;  black  sandy  mud;  beam  trawl,  scrape  dredge;  drift  SW  yi  mile. 

7654.  August  II,  1904.    West  end  Penikese  Island  SW  by  W,  5  miles;  Dumpling  Rock  Light  NW  K  W, 

^yi  miles;  9  fathoms;  black  sandy  mud;  7-foot  beam  trawl,  scrape  dredge;  drift  SW  yi  mile. 
765s.  August  II,  1904.    West  end  Penikese  Island  SW  yi  S,  5X  miles;  Dumpling  Rock  Light  WNW, 

2yi  miles;  7K  fathoms;  black  sandy  mud;  oyster  dredge;  drift  SW  yi  mile. 
7656.  August  12,  1904.    North  end  Penikese  Island  W  by  S,  3>^  miles;  Dumpling  Rock  Light  NNW 

yi  W,  ^yi  miles;  8  fathoms;  sandy  mud;  7-foot  beam  trawl,  scrape  dredge;  drift  NE  li  mile. 

a  This  statioa  as  plotted  on  the  chart  U  considenibly  nearer  shore  than  the  bearings  given  would  indicate. 
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7657.  Auguft  12,  Z904.    North  end  Penikese  Island  SW  >^  W»  $yi  miles;  Dumpling  Rock  Ll|^t  NKW 

M  W,  $J4  miles;  8  fathoms;  sandy  nrad;  7-foot  beam  trawl,  scrape  diedge;  drift  SW  X  foUc. 

7658.  August  Z2,  Z904.    Hen  and  Chirlrens  U^tdiip  SW  by  W  K  W»  6H  miles;  Dumpling  Rock  li^t 

NNW,  zK  miles;  9  fathoms;  black  mud;  oyster  dredge. 

7659.  August  za»  Z904.    Mishaum  Point  SW  by  W  X  W,  zK  miles;  Dumpling  Rock  14^  NNE,  H 

mile;  5X  fathoms;  rocky,  with  gravel  and  shell  fragments;  oyster  dredge;  drift  SW  }4  mile. 

7660.  August  za,  Z904.    Hens  and  Chickens  LightdiipSW  by  WKW,4K  miles;  Dumpling  Rock  U|^t 

NNE  3^  E,  2H  miles;  jH  fathoms;  muddy;  74bot  beam  trawl,  scrape  dredge;  drift  SW  yi 

mile. 
7<56z.  August  za,  Z9C4.    Hen  and  Chickens  Lightriiip  W  by  S,  5X  miles;  Dumpling  Rock  li^t  N  >^  E, 

3f^  miles;  Z3>^  fathoms;  muddy;  7-foot  beam  trawl,  scrape  dredge;  drift  SW  X  mile. 
7^3.  August  za,  Z9C4.    Hen  and  Chickens  Lightship  W  X  N,  6  miles;  Dumpling  Rock  li^t  N  X  W, 

4}i  miles;  zo  fathoms;  soft  mud;  7-foot  beam  trawl,  scn^  dredge;  drift  SW  X  mile. 

7663.  August  za,  Z904.    North  Rock  E  by  N  K  N,  >^  mile;  Dumpling  Rock  Lis^t  N  by  W  X  W,  6 

miles;  7  fathoms;  mud  and  shells;  7-foot  beam  trawl,  scn^  dredge;  drift  SW  yi  mile. 

7664.  August  Z5,  Z9C4.    Cuttyhuzik  Light  E  K  N,  fi  znile;  Hen  and  Chickens  Lightship  NW  K  N, 

3H  miles;  za  fathoms:  small  stones;  t>yster  dredge;  drift  SW  yi  mile. 

7665.  August  Z5,  Z904.    Cuttyhunk  Light  SE  by  E  iH  miles;  Hen  azid  Chickezu  TJghtship  NW  K  N, 

ayi  miles;  zz>^  fathoms;  rocky  and  smdy;  oyster  dredge;  drift  SW  yi  mile. 

7666.  August  Z5,  Z904.    North  end  Penikese  Island  E,  4  miles;  Hen  and  Chickens  U^tOnp  NW  K  N, 

K  mile;  zz  fathoizis;  rocky  and  small  stones;  oyster  dredge;  drift  SW  yi  mile. 

7667.  August  Z5,  Z9C4.    Dumpling  Rock  Light  NE  by  E,  6>i  miles;  Hen  and  Chickens  Lightdiip  SE  by 

S  >^  S,  K  mile;  9  fathoms;  small  stones;  oyster  dredge;  drift  SW  yi  znik. 

7668.  August  z5,  Z904.    Midiaum  Point  NE  by  E  K  H,  syi  miles;  Cuttyhunk  Light  SSE,  5  miles;  8 

fathoizis;  muddy  sand;  oyster  dredge;  drift  SW  yi  mile. 

7669.  August  Z5,  Z9C4.    Dumpling  Rock  Li^t  NE,  sH  miles;  Cuttyfauizk  Lig^t  S  by  E  K  E,  3H 

zniles;  Z3  fathoms;  black  sandy  mud;  oyster  dredge. 

7670.  August  z5,  Z904.    Dumpling  Rock  Lij^t  NE  by  N  X  N,  6  nziles;  north  end  Penikese  Island 

E  >^  N,  a  miles;  Z9  fathoms(?);  small  stones;  oyster  dredge;  drift  SW  yi  mile. 
767Z.  August  Z5,  Z9C4.    Cuttyhuizk  Life-Saving  Station  SE  by  E  >^  E.  zX  miles;  Cutt]iiunk  Light 

SW  K  S,  z  mile;  9  fathoms;  stones  and  muddy  send;  7-foot  beam  trawl,  oyster  dredge;  drift 

SW  yi  mile. 
7673.  August  Z7,  Z9C4.    Cuttyhuizk  Light  SW  by  S,  aH  miles;  Hen  and  Chickens  Lightship  W  >^  N, 

4  miles;  zo  fathoms;  small  stones,  sand,  and  shells;  oyster  dredge;  drift  SW  yi  mile. 

7673.  August  Z7,  Z904.    Cuttyhunk  Light  S  K  W,  3>^  miles;  Hen  and  Chickens  Us^tahip  W  by  S, 

$yi  miles;  17  fathoms;  sandy  mud  and  stones;  beam  trawl,  scrape  dredge;  drift  SW  }i  mile. 

7674.  August  Z7,  Z904.    Dumpling  Rock  Light  NE  K  H,  4  miles;  Cuttyhunk  Life-Saving  Station 

'  SE  by  S  X  S,  4f<  miles;  7  fathoms;  coarse  send  and  mud;  oyster  dredge;  drift  SW  }i  mile. 

7675.  August  17,  Z904.    Mishaum  Point  E  by  N,  a  zniles;  Hen  and  Chickens  Lightship  SW  by  S  >^  S» 

$yi  miles;  6^  fathoms;  muddy  send;  beam  trawl,  oyster  dredge;  drift  SW  yi  mile. 

7676.  July  Z7,  Z905.    Gay  Head  Light  SW  X  S,  Prospect  Hill  SE  by  E  K  H;  9M  fathoms;  hard  sand 

7-foot  beam  trawl. 

7677.  July  Z7,  Z905.    Gay  Head  Light  S  by  W  >^  W,  Prospect  Hill  ESE  yi  E,  zz>^  fathoms;  hard  sand 

7-foot  beam  trawl;  scn^  dredge. 

7678.  July  Z7,  Z905.    Prospect  Hill  SE  by  S,  Gay  Head  Light  SW  K  W,  za>^  fathoms;  hard  sand 

7-foot  beam  trawl,  8cr^>e  dredge.    (Very  little  in  the  scn^  dredge.) 

7679.  July  34,  Z905.    (a)  Pluque-Naahawena  40^  47^,  Nashawena-Cuttyhunk  37^  05^;  (6)  Pasque-Nasha- 

wezia  38^  36^,  Nashawena-Cuttyhunk  33^  44^^;  13^^  fathoms;  sand  and  shells;  6-foot  beam 
trawl  and  scrape  dredge. 

7680.  July  34,  Z905.    (a)  Pasque-Nashawena  33**  33^,  Nashawena-Cuttyhunk  33®  30';  (b)  Pasque- 

Naahawena  33**  35^,  NasfaawenarCuttyhunk  33**  30';  (c)  Pasque-Nashawena  33**  47^,  Nashawena- 
Cuttyhunk  33^  Z9^;  Z3>^  fathoms;  hard  send;  6-foot  trawl  and  scrape  dredge. 
768Z.  July  34,  Z905.    (a)  Pasque-Nashawena  35**  56^,  Nashawena-Cutt>diunk  3Z®  05^;  (b)  Pasque- 
Nashawena  34**  4z';  Nashawena-Cuttyhunk  39**  zz^;  (c)  Pasque-Nashawena  33**  05^,  Nashawena- 
Cuttyhunk  38^  08^;  Z3>^  fathoms;  hard  sand;  6-foot  trawl;  scn^  dredge. 
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7682.  July  34,  1905.    (a)  Pasquc-Nashawena  37^  40f^,  Naahawena-Cuttyhunk  19^  of;  (6)  Tarpaulin 

Cave-Naflhawena  89^  08^,  Naahawena-Gay  Head  95^  09^;  (c)  Tarpaulin  Cove-Nashawena  91^  09^; 
Nashawena-Gay  Head  89^  37^;  19  fatliom8(?);  hard  sand,  mud,  and  shelb;  6-foot  trawl  and 
scrape  dredge. 

7683.  July  36, 1095.    (a)  Gay  Head-Nashawena  127^  48^  Nashawena-Cuttyhunk  6z^  07^;  (b)  Gay  Head- 

Nashawena  zao*'  s^»  Nashawena-Cuttyhunk  60^  00^;  (c)  Gay  Head-Nashawena  214^  41^ 
Nashawena-Cuttyhunk  6z^  45^;  Z9K(0  fathoms;  hard  sand;  7-foot  beam  trawl,  mud  bag 
and  oyster  dredge. 

7684.  July  26,  1905.    (a)  Gay  Head-Nashawena  105**  43',  Nashawena-Cuttyhunk  59**  40';  (6)  Gay 

Head-Nashawena  zoo^  $&,  Nashawena-Cuttyhunk  57^  33^;  (c)  Gay  Head-Nashawena  94^  1^, 
Nashawena-Cuttyhunk  55^  43^;  Z3X  fathoms;  hard  sand;  7-foot  beam  trawl,  mud  bag,  oyster 
dredge. 

7685.  July  26,  Z905.    (a)  Gay  Head-Nashawena  Z29^  44^^,  Nashawena-Cuttyhunk  75^  42^;  (6)  Gay 

Head-Na^awena  Z23®  46^,  Nashawezia-Cuttyhunk  75**  20';  (c)  Gay  Head-Nashawena  zz6®  59^, 
Nashawena-Cuttyhunk  77^  46^;  Z7  fathoms;  hard  sand;  7-foot  beam  trawl,  mud  bag,  and  oyster 
dredge. 

7686.  July  26,  Z905.    (a)  Gay  Head-Nashawezia  Z02**  34',  Nashawena-Cuttyhuzik  73**  55^;  (6)  Gay  Head- 

Nashawena  99^  42^,  Nashawena-Cuttyhtmk  7z^  z5^;  (c)  Gay  Head-Nashawena  93^  52^,  Naaha^ 
wena-Cuttyhunk  68^  34^;  Z7X  fathoms;  hard  sand;  7-foot  beam  trawl,  mud  bag,  and  oyster 
dredge. 

7687.  July  26,  Z905.    (a)  Gay  Head-Nashawena  zos^  zz^,  Nashawena-Cuttyhunk  zo9^  25^;  (6)  Gay  Head- 

Nashawezia  zo3^  6f,  Nashawena-Cuttyhunk  zo4^  43^;  (c)  Gay  Head-Nashawena  97^  52^,  Nasha- 
wena-Cuttyhunk zo3^  23^;  Z2  fathoms;  hard  sand;  7-foot  beam  trawl,  mud  bag,  oyster  dredge. 

7688.  July  26,  Z905.    (a)  Gay  Head-Nashawena  90^  36^,  Na^wena-Cuttyhunk  96^  36^;  (b)  Gay  Head- 

Nashawena  85^  42^,  Nashawena-Cuttyhtmk  90^  $/;  (c)  Gsiy  Head-Nashawena  79^  59^,  Nasha- 
wena-Cuttyhunk 90^  38'^;  (d)  Gay  Head-Nashawena  76^  37^,  Nashawena-Cuttyhunk  92^  44'; 
Z3  fathoms;  hard,  coarse  sand;  7-foot  beam  trawl,  mud  bag,  o3rster  dredge. 

7689.  July  26,  Z905.    (a)  Nashawena-Cuttyhunk  Life  Savizig  Station  92^  z2^,  Life-Saving  Station-Cut- 

tyhtmk  Light  46^  59^;  (6)  Nashavrena-Cuttyhuzik  Life-Saving  Station  69^  2z^,  Life-Saving  Sta- 
tion-Cuttyhunk  Light  54^  40^;  (c)  Nashawezia-Cuttyhunk  Life-Saving  Station  59^  20f^,  Life- 
Saving  Station-Cuttyhunk  Light  57^  46^;  9  fathoms;  hard  sand  and  rocks;  7-foot  beam  trawl, 
mud  bag,  oyster  dredge. 

7690.  July  26,  Z905.    (a)  Gay  Head-Nashawezia  70^  zz^,  Nashawena-Cuttyhuzik  zo6^  47^;  (6)  Gay  Head- 

Nashawezia  7z®  03^,  Nashawezia-Cuttyhuzik  zo6**  sf'»  W  ^Y  Head-Nashawena  7Z**  Z4^,  Nash- 
awezia-Cuttyhuzik  93^  3z^;  9  fathoms;  rocky;  7-foot  beam  trawl,  mud  bag,  oyster  dredge. 

7691.  July  26,  Z905.    (o)  Gay  Head-Nashawena  69^  46^,  Nashawena-Cuttyhuzik  zz9^  59^;  (b)  Gay  Head- 

Nashawezia  70**  33^,  Nashawezia-Cuttyhunk  ZZ3**  58^;  9  fathoms;  rocky;  7-foot  beam  trawl, 
mud  bag,  oyster  dredge. 

7692.  July  26,  Z905.    (a)  Gay  Head-Nashawena  6z^  sf,  Nashawena-Cuttyhunk  80^  86^;  (6)  Gay  Head- 

Nashawena  60^  40f^,  Nashawena-Cuttyhunk  72^  07;  9  fathoms,  rosky;  7-foot  beam  trawl,  mud 
bag,  oyster  dredge. 

7693.  July  26,  Z905.    (a)  Gay  Head-Nashawena  82**  Z5^,  Nashawena-Cuttyhuzik  Z32**  5&;  (b)  Gay  Head- 

Nashawena  87^  44'^,  Nashawena-Cuttyhunk  132^  59^;  (c)  Nashawena-Cuttyhunk  Life-Saving 
Station  zz7**  4Z^,  Life-Saving  Station-Cuttyhunk  Light  zz®  55^;  zz  fathoms;  rocky  bottom; 
7-foot  beam  trawl,  oyster  dredge,  mud  bag. 

7694.  July  26,  Z905.    (o)  Naushon  SW-Nashawena  46^  37^,  Nashawena-Cuttyhunk  99^  32^;  (6)  Naushon 

SW-Nashawena  80**  13^,  NashawenarCuttyhunk  66®  06^;  (c)  Naushon  SW-Pasque  29**  oz^,  Pasque 
Nashawena  82°  13^;  Z2>^  fathoms;  rocky;  7-foot  beam  trawl,  mud  bag,  oyster  dredge. 

7695  July  26,  Z905.  (a)  Naushon  SW-Pasque  5Z®  25^,  Pasque-Nashawena  90**  38^;  (6)  Naushon  SW- 
Pasque  61*^  47^,  Pasque-Nashawena  80®  03';  (c)  Naushon  SW-Pasque  66®  59^,  Pasque-Nasha- 
wena  71®  56^;  zo>^  fathoms;  sandy;  7-foot  beam  trawl,  mud  bag,  oyster  dred^. 

7696.  July  26,  Z905.  (a)  Naushon  SW-Pasque  8z®  z8^,  Pasque-Nashawena  56®  28^;  (6)  Naushon  SW- 
Pasque  85®  04',  Pasque-Nashawena  47®  40^;  (c)  Naushon  SW-Pasque  8z®  3z^,  Pasque-Nasha- 
wena  4z®  33^;  zo  fathozns;  sandy;  7-foot  beam  trawl,  mud  bag,  oyster  dredge. 
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7697.  July  26,  1905.    (a)  Tarpaulin  Cove-Nkushon  SW  36**  41',  Naushon  SW-Pasque  66*  $3^;  (b)  Tar- 

paulin  Cove-Naushon  SW  56**  34^,  Naushon  SW-Pasque  45*  39';  (c)  Tarpaulin  Cove-Naushoo 
SW  66*  o(/,  Naushon  SW-Pasque  32*  43';  sand  and  mud;  7-foot  beam  trawl,  mud  bag,  and 
oyster  dredge. 

7698.  July  28,  1905.    (a)  Nashawena-Gay  Head  90*  02',  Gay  Head-Pro^>ect  Hill  75*  27;  (6)  Nasha- 

wena-Gay  Head  89*  $s^,  Gay  Head-Project  Hill  73*  21^;  (c)  Nashawena-Gay  Head  87*  06^. 
Gay  Head-Prospect  Hill  71*  14';  (d)  Nashawena-Gay  Head  84*  45^;  Gay  Head-Pro^>ect  HUl 
69*  56^;  12  fathoms;  sandy. 

7699.  July  a8,  1905.    (a)  Nashawena-Gay  Head  87*  S3^,  Gay  Head-Pcospect  Hill  68*  49^;  (b)  Nasha 

wena-Gay  Head  91*  08'',  Gay  Head-Prospect  Hill  68*  31^;  (c)  Nashawena-Gay  Head  93*  22^, 
Gay  Head- Prospect  Hill  67*  41^;  10  fathoms;  hard  sand. 

7700.  July  28,  1905.    (a)  Nashawena-Gay  Head  92*  2</,  Gay  Head-Prospect  Hill  66*  35^;  (b)  Nasha 

wena-Gay  Head  98*  39',  Gay  Head-Prospect  Hill  64*  if;  (c)  Nashawena-Gay  Head  99*  16^ 
Gay  Head-Prospect  Hill  62*  54-^;  (d)  Nashawena-Gay  Head  99*  52^,  Gay  Head-Proq>ect  Hill 
61*  19^;  xo  fathoms;  sand. 

7701.  July  28,  1905.    (a)  Nashawena-Gay  Head  loi*  35'.  Gay  Head-Prospect  Hill  58*  19^;  (6)  Nasha< 

wena-Gay  Head  loi*  36^,  Gay  Head- Prospect  Hill  56*  31';  (c)  Nashawena-Gay  Head  loi*  c 
Gay  Head-Prospect  Hill  54*  45^;  W  Nashawena-Gay  Head  100*  55^,  Gay  Head-Prospect  Hill 
53*  if;  13  fathoms;  sand. 

7702.  July  28,  1905.    (a)  Nashawena-Gay  Head  121*  43',  Gay  Head-Prospect  Hill  68*  43';  (b)  Nasha 

wena-Gay  Head  124*  15',  Gay  Head-Prospect  Hill  66*  or';  (c)  Nashawena-Gay  Head  125*  25^ 
Gay  Head-Prospect  Hill  64*  02';  (d)  Nashawena-Gay  Head  126*  27^.  Gay  Head-Prospect  Hill 
62*  26^;  13  fathoms;  sand. 

7703.  July  28,  1905.    (a)  Nashawena-Gay  Head  129*  05^,  Gay  Head-Pro^>ect  Hill  55*  23';  (6)  Nasha- 

wena-Gay Head  129*  20^,  Gay  Head-Prospect  Hill  53*  oo';  (c)  Nashawena-Gay  Head  129*  45^, 
Gay  Head-Prospect  Hill  51*  36^  (d)  Nashawena-Gay  Head  129*  55^,  Gay  Head-Prospect  Hill 
50*  08^;  12  to  7  fathoms;  sand. 

7704.  July  31, 1905.    (a)  Pasque-Nashawena  72*  12^,  Nashawena-Cuttyhunk  43*  23^^;  (6)  Pasque-Nasha- 

wena  63*  47^,  Nashawena-Cuttyhunk  47*  44'';  {O  Pasque-Nashawena  57*  55^;  Nashawena-Cut- 
tyhunk 49*  37^;  10I4  fathoms;  sand. 

7705.  July  31,  1905.    (a)  Pasque-Nashawena  53*  47^,  Nashawena-Cuttyhunk  43*  55^;  (b)  Pasque-Nasha- 

wena 51*  32^^;  Nashawena-Cuttyhunk  41*  20';  (c)  Pasque-Nashawena  48*  52',  Nashawena-Cut- 
tyhunk 39*  53';  7>2  fathoms;  sand. 

7706.  July  31,  1905.    (a)  Pasque-Nashawena  43*  33',  Nashawena-Cuttyhunk  38*  13';  (6)  Pasque-Nasha- 

wena 41*  52^,  Nashawena-Cuttyhunk  37*  24^;  (c)  Pasque-Nashawena  40*  z6^»  Nashawena-Cut- 
tyhunk 36*  02';  (d)  Pasque-Nashawena  38*  49'',  Nashawena-Cuttyhunk  34*  55^;  13*/  fathoms: 
sand. 

7707.  July  31, 1905.    (a)  Pasque-Cuttyhunk  63*  41',  Cuttyhunk-Gay  Head  131*  22';  (b)  Pasque-Nasha- 

wena (rejected),  Nashawena-Cuttyhunk  (rejected);  (c)  Pasque-Nashawena  29*  26';  Nashawena- 
Cuttyhunk  38*  25';  15  fathoms;  sand. 

7708.  July  31, 1905.    (a)  Pasque-Nashawena  30*  23',  Nashawena-Cuttyhunk  41*  34';  (b)  Pasque-Nasha- 

wena 31*  14^,  Nashawena-Cuttyhunk  43*  51';  (f)  Pasque-Nashawena  32*  27^,  Nashawena-Cut- 
tyhunk 44*  32^;  13 »/^  fathoms;  sand. 

7709.  July  31, 1905.    (a)  Pasque-Nashawena  33*  35^,  Nashawena-Cuttyhimk  48*  02^;  (b)  Pasque-Nasha- 

wena S3^  41',  Nashawena-Cuttyhunk  51*  i</;  (c)  Pasque-Nashawena  34*  43',  Nashawena-Cut- 
tyhunk 53*  15';  13?^  fathoms;  sand. 

7710.  July  31,  1905.    (a)  Pasque-Nashawena  30*  26^,  Nashawena-Cuttyhunk  65*  37^;  (6)  Pasque-Nasha- 

wena 27*  51',  Nashawena-Cuttyhimk  71*  53';  (c)  Pasque-Nashawena  26*  i</,  Nashawena-Cut- 
tyhunk 75*  23^;  (d)  Pasque-Nashawena  25*  47^,  Nashawena-Cuttjrhunk  77*  02';  13  »i  fathoms; 
fine  sand. 
7717.  August  4,  1905.  (a)  Naushon  SW-Nashawena  45*  16^;  Nashawena-Cuttyhunk  52*  46^;  (6)  Nau- 
shon SW-Nashawena  46*  $f,  Nashawena-Cuttyhunk  50*  12^;  (c)  Naushon  SW-Nashawena 
48*  15^,  Nashawena-Cuttyhunk  48*  27';  13 ^  fathoms;  sand;  beam  trawl  and  scrape  dredge. 
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7718.  Atigust  4,  1905.    (a)  Nauahon  SW-Nashawena  43®  32',  Nashaweiia-Cuttyhtmk45^  $$^;  (6)  Nau- 

shon  SW-Nashawena  43**  59^,  Naahawcna-Cuttyhunk  44**  25^;  (c)  Naushon  SW-Nashawcna 
44^  if,  Nashawena-Cuttyhtmk  43^  26^,  14  fathoms;  sand  and  shells;  beam  trawl  and  scrape 
dredge. 

7719.  August  4,  1905.    (a)  Naushon  SW-Nashawena  43*  ot',  Nashawena-Cuttyhimk  40**  30^;  (6)  Nau- 

shon SW-Nashawena  42®  $f,  Nashawena-Cuttyhunk  39®  47^;  (c)  Naushon  SW-Nashav)fena 
42**  57^,  Nashawena-Cuttyhunk  39°  1$^;  (d)  Naushon  SW-Nashawena  42**  57^,  Nashawena-Cut- 
tyhunk 38^  48^;  17  fathoms;  sand  and  shells;  beam  trawl  and  scrape  dredge. 

7720.  Augtist  4,  1905.    (<0  Naushon  SW-Nashawena  42®  51^,  Nashawena-Cuttyhunk  37°  31';  (6)  Nau- 

shon SW-Nashawena  42''  00^,  Nashawena-Cuttyhunk  37^  08^;  (c)  Naushon  SW-Nashawena 
41^  01^,  Nashawena-Cuttyhunk  37^  12^;  133^  fathoms;  sand  and  shells;  beam  trawl  and  scraps 
dredge. 

7721.  August  4,  1905.    (a)  Naushon  SW-Nashawena  32**  50^,  Nashawena-Cuttyhunk  51**  13^;  (6)  Nau- 

shon SW-Nashawena-33^  15^,  Nashawena-Cuttyhunk  49^  30^;  (c)  Naushon  SW-Nashawena 
33^  47^,  Nashawena-Cuttyhunk  47^  39^;  "  fathoms;  sandy;  beam  trawl  and  scrape  dredge. 

7722.  August  4,  1905.    (a)  Naushon  SW-Nashawena  37®  27^,  Nashawena-Cuttyhunk  40**  51^;  (6)  Nau- 

shon SW-Nashawena  37^  55^,  Nashawena-Cuttyhunk  39^  30^;  (c)  Naushon  SW-Nashawena 
38°  12^,  Nashawena-Cuttyhunk  38^  28^;  13  fathoms;  hard  sand;  beam  trawl  and  scrape  dredge. 

7723.  August4, 1905.    (a)Cuttyhunk-GayHead77**59^,GayHcad-PfD8pcctHilli26**35^;  (6) (rejected); 

(c)  Cuttyhunk  Life-Saving  Statkm-Gay  Head  88**  24',  Gay  Head-Pio^>ect  Hill  112**  33';  13 
fathoms;  hard  sand. 

7724.  August  8,  1905.    (a)  Gay  Head-Pcospect  Hill  141^  44^,  Pro^>ect  Hill-tangent  Cedar  Tree  Neck 

66''  58';  (6)  Gay  Head-Pioepect  Hill  133**  35^,  Pio^)cct  Hill-tangent  Cedar  Tree  Neck  69**  42'; 
(c)  Gay  Head-Pioepect  Hill  X27**  29^,  Prospect  Hill-tangent  Cedar  Tree  Neck  72^  15^;  10  fath- 
oms; hard  sand;  9-loot  beam  trawl,  mud  bag. 

7725.  August  8,  1905.  (o)  Gay  Head-PSrospect  Hill  116^  32^  Ptoiq>ect  Hill-tangent  Cedar  Tree  Neck 

75''  49^;  (6)  Gay  Head-Pro^iect  Hill  iii*"  44^  Pto^>ect  ffill-tangent  Cedar  Tree  Neck  76"^  55^; 
(c)  Gay  Head-Proq)ect  Hill  108^  59^,  Prospect  Hill-tangent  Cedar  Tree  Neck  76**  25^;  10  fath- 
oms; hard  sand;  9-foot  beam  trawl  and  mud  bag. 

7726.  August  8,  1905.    (a)  Gay  Head-Prospect  Hill  105**  24^,  Prospect  Hill-Tarpaulin  Cove  iii**  33^; 

(6)  Gay  Head-IYo^)ect  Hill  102^  5/,  Ptospect  Hill-Tarpaulin  Cove  108^  41^;  (c)  Gay  Head- 
Pro^>ect  Hill  xoo^  44'^*  Proqiect  Hill-Tarpaulin  Cove  zo6^  59^;  15  to  isH  fathoms;  sandy  mud; 
9-foot  beam  trawl  and  mud  bag. 

7727.  August  8,  1905.    (a)  Gay  Head-Prospect  Hill  93®  o/,  Prospect  Hill-Tarpaulin  Cove  103®  56^; 

(6)  Gay  Head-Prospect  Hill  89^  45^,  Prospect  Hill-Tarpaulin  Cove  103*^  31^;  (c)  Gay  Head- 
Prospect  Hill  87**  2i\  Prospect  Hill-Tarpaulin  Cove  103®  18';  12  fathoms;  hard  sand;  9-foot 
beam  trawl  and  mud  bag. 

7728.  August  8,  1905.    (a)  Prospect  Hill-Pasque  98**  45^,  Pasque-Gay  Head  83**  03^;  (b)  Ptospect  Hill- 

Pasque  104'*  51^,  Pasque-Gay  Head  88**  23^;  (c)  Pro^ject  Hill-Pasque  107"*  45^,  Pasque-Gay 
Head  90^  57^;  8  fathoms;  sticky  mud;  9-foot  beam  trawl  and  mud  hag, 

7729.  August  8, 1905.    (a)  Prospect  Hill-Pasque  116^  s^^*  Pasque Gay-Head  loi^  01^;  (6)  Gay  Head-Pros- 

pect Hill  134''  30^,  Prospect  Hill-tangent  Cedar  T*ee  Neck  50**  52^^;  (c)  Gey  Head-Prospect  Hill 
129^  24^,  Prospect  Hill-tangent  Cedar  Tree  Neck  50^  52^;  loX  fathoms;  hard  sand;  9-foot  beam 
trawl  and  mud  bag. 

7730.  August  8,  1905.    (o)  Ptoiq>ect  HiU-Nashawena  115^  59^,  Nashawena-Gay  Head  87^  59^;  (b)  Pros- 

pect Hill-Pasque  92 **  27^,  Pasque-Gay  Head  115**  22^;  (c)  Pro^>ect  Hill-Pasque  loi*  sf*  Pasque- 
Gay  Head  118^  41^;  12  fathoms;  hard  sand;  9-foot  beam  trawl  and  mud  bag. 

7731.  August  8,  Z905.    (a)  Naushon  SW-Nashawena  43^  if,  Nashawena-Cuttyhunk  30^  06^;  (b)  Nau- 

8h(m  SW-Nashawena  42^  05^,  Nashawena-Cuttyhunk  29^  48"^;  (c)  Naushon  SW-Nashawena 
41^  35^*  Nashawena  Cuttyhunk  29^  39^;  12  fathoms;  hard  sand;  9-foot  beam  trawl  and  mud  hag, 

7732.  August  10,  1905.    (a)  Nau^Km  SW-Tarpaulin  Cove  59^26^,  Tarpaulin  Cove-Nashawena  37^  34^; 

(b)  NauAon  SW-Tarpaulin  Cove  53**  01^,  Tarpaulin  Cove-Nashawena  38**  43^;  (c)  Naushon  SW- 
Tarpaulin  Cove  51°  32^;  Tarpaulin  Cove-Na^awena  40^  30^;  i2>^  fathoms;  sand  and  pebbles; 
9-foot  beam  trawl,  scrape  dredge. 
16269** — Bull.  31,  pt  I — 13 14 
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7733.  Auguft  xo,  Z905.    (a)  Nanfbon  SW-Tarpmlia  Cart  x6^  40^,  Tirpnlin  Ocyve-NaiftuiEwaw  67^  51^; 

(6)  Nourfioii  SW-Tarpsnliii  Cove  16''  42^,  Tar|Mniliii  Oove-Naiiiawaui  6$""  %^;  (c)  N«Mbon  SW- 

Tarpsnlm  Cove  z6^  18^,  Tarpnilia  Cove-NMiiaweiui  58^  13^;  13  fathomt;  pebbles;  94oot  beam 

trawl,  scrape  diedge. 
^734.  August  xo,  1905.    (a)  Tarpeulin  Cove-NanrfKMi  SW  31^  i¥t  NanrfKMi  SW-PiMque  53^  98^;  (6) 
^        Tarpeulin  Cove-NsuibQii  SW  31®  4/,  Nsoihon  SW-Fuque  48^  4^;  (c)  Tarpaulin  Cove-Nauihaii 

8W  31^  30^,  Nausbon  SW-Pasque  45^  55^;  zo>^  fathoms;  sand  and  ibells;  94oot  beam  timwl  and 

scrape  dredge. 

7735.  August  10,  X905.    (o)  Gay  Head-Pro^>ect  Hill  ^"^  00^,  Prospect  Hill-Kopeeoon  Pofait  43^  57^; 

(b)  Gay  Head-Pro^>ect  Hill  68®  38^,  Prospect  HiU-Kopeeoon  Point  47®  21^;  (c)  Gay  Head-Ptoa> 
pect  Hill  71®  04^,  Prospect  Hill-Kopeecon  Punt  50®  31^;  9  fathoms;  sand;  94oot  beam  trani 
and  scrape  dredge. 

7736.  August  10,  1905.    (a)  Prospect  ffiU-Kopeeoon  Point  56®  so^,  Kbpeecon  Point-Tarpaulin  Cove 

lis*'  03^;  (6)  Plo^)ect  Hill-Kopeeooii  Point  60®  si^,  Kopeecoo  Punt-Tarpaulin  Cove  108^  13^; 

(c)  Kopeeooii  Punt-Tarpaulin  Cove  106®  24^;  13  fathoms;  sand  and  diells;  9-l6ot  beam  trawl 
and  scrape  dredge. 

7737.  August  xa,  1905.    (a)  Nobska-Naosbon  Tripod  X20®  51^,  Nanrfion  Tripod-Tarpaulin  Cove  32®  08^; 

(6)  Nobska-Nauihon  Tripod  xis^*  18",  Nausbon  Tripod-Tarpaulin  Cove  32''  31^;  (c)  Nobska- 
Nausbon, Tripod  X15®  15^,  Nausbon  Tripod-Tvpaulin  Cove  3a®  51^;  X2  fathoms;  pebbles. 

7738.  August  12,  1905.    (a)  Nobska-Nausbon  Tripod  85®  z8^,  Nausbon  Tripod-Tsrpaulin  Cove  72**  44^; 

(6)  Nobaka-Naushon  Tripod  83''  43^,  Nausbon  Tripod-Tarpaulin  Cove  7X®  38^;  (c)  (Dredge 
cau^t).    X2  fathoms;  sand  and  gravel. 

7739.  August  12,  Z905.    (o)  Nobska-Nausbon  Tripod  74®  21^  Nausbon  Tripod-Tsrpaulin  Cove  37®  56^; 

(6)  Nobska-Nausbon  Tripod  7o<'  36^.  Nausbon  Tripod-Nansbon  SW  ti""  06^;  (c)  Nobska-Nausbon 
Tripod  67®  14^,  Nausbon  Tripod-Tarpaulin  Cove  34®  38^;  8  fadioms;  sand  and  gravel. 

7740.  August  12,  X905.    (a)  Kopeeoon  Point-Indian  Hill  73®  x6^,  Indian  Hill-Nortons  Point  48®  02^;  (h) 

Kopeeoon  Point-Indian  HiU  78®  33^,  Indian  Hill-Nortons  Point  46®  22^;  (c)  Kopeeoon  Point- 
Indian  Hill  80^  03^,  Indian  Hill-Nortons  Point  43®  10^;  15  fathoms;  sand  and  gravel. 

7741.  August  12,  Z905.    (o)  Pro^>ect  Hill-Indian  Hill  1x2®  23^,  Indian  Hill-Nortons  Pc^t  22®  27^; 

(h)  Prospect  HiU-Indian  Hill  io8<'  37^,  Indian  Hill-Nortons  IV>int  2i<'  02^;  (c)  Ploipect  Hill- 
Indian  Hill  xoa®  41^,  Indian  Hill-Nortons  Point  21®  30^;  15  fathoms;  sand  and  shells. 

7742.  August  Z7,  Z905.    (a)  Nobska-Nausbon  Tripod  xox®  34^,  Nausbon  Tripod-Nauabon  SW  35^  47^; 

(b)  Nobska-Nausbon  Tripod  99^  37^,  Nausbon  Tripod-Nausbon  SW  35®  53^;  9  fathoms;  rocky; 
7-foot  beam  trawl,  mud  bag,  oyster  dredge. 

7743.  August  17,  X905.    (a)  Nobska-Naushon  Tripod  99^  40^,  Nausbon  Tripod-Naudion  SW  37^  44^;  (6) 

Nobska-Nausbon  Tripod  97^  42^,  Nausbon  Tripod-Nausbon  SW  38®  ox^;  loX  fathoms;  pebUcs; 
7-foot  beam  trawl,  mud  t>af ,  oyster  dredge. 

7744.  August  X7,  X905.    (a)  Nobska-Tarpaulin  Cove  90^  58^,  Tarpaulin  Cove-Naiiiawena  3X^  05^;  (6) 

Nobska-T&rpaulin  Cove  89^  37^,  Tarpaulin  Cove-Naiiiawena  3X®  30^;  {c)  Nbbska-Tarpaulin 
Cove  87®  39^,  Tarpaulin  Cove-Nashawena  32^  32^;  12X  fathoms;  pebbles  and  shells;  7-loot 
beam  trawl,  mud  bag,  oyster  dredge. 

7745.  August  x7,  X905.    (a)  Nobska-Naudion  Tripod  73^  55^,  Nausbon  Tripod-Nausbon  SW  33®  46^; 

(6)  Nobska-Nausbon  Tripod  73''  58^,  Nausbon  TWpod-Naudion  SW  3x<'  30^;  (c)  Nobska-Nan- 
8h(m  Tripod  73^  17^,  Nausbon  Tripod-Nausbon  SW  29^  52^;  X2  to  8  fathoms;  rocks  and  pebbles; 
7-foot  beam  trawl,  mud  bag,  oyster  dredge. 

7746.  August  17,  1905.    (a)  Gay  Head-Nortons  Pofait  48""  20^,  Nortons  Pofait-West  Chop  78''  24^;  (6) 

Gay  Head-Ndrtons  Pbint  40""  09^,  Nortons  Pofait-West  Chop  83^  x/;  (c)  Gay  Head-Indian  Hill 
28^  Zz\  Indian  Hill-West  Chop  92^  18^;  X5K  to  X3K  fathoms;  stones  and  gravel;  7-loot  beam 
trawl,  mud  bag,  oyster  dredge. 

7747.  August  17,  X905.    (o)  Gay  Head-Indian  Hill  23''  16^,  Indian  HUl-West  Chop  89"*  40^;  (6)  Gay 

Head-Indian  Hill  so""  xi^,  Indian  Hill-West  Chop  86"^  x6^;  (c)  Falmouth  Obstfvatory-Nobska 
67^  45^>  Nobska-Tarpaulin  Cove  63^  46^;  24  fathoms,  large  stones;  7-foot  beam  trawl,  mud  bag, 
oyster  dredge* 
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7748.  August  17,  Z905.    (a)  Obflervatocy-Nobaka  8a^  37^,  NobikA-TariMRilin  Cove  43^  55^;  (b)  Palmmth 

Obtemttory-Nobska  79^  46^,  NobtkA-TarpMilin  Cove  38^  42^:  (c)  Palnxmtli  Oboervatofy-Nobska 
75®  24^  Nobska-TarpttoUn  Cove  37^  08^;  13  fatlioiiis;  pebbles  and  sand;  7-foot  beam  trawl,  mud 
bag,  oyster  dredge. 

7749.  August  17,  1905.    (a)  Falmouth  Observatory-Nobska  59^  30^,  Nobska-Tarpaulm  Cove  56^  zz^; 

(6)  Falmouth  Observatory-Nobska  58^  c^,  Nobska-Tarpaulm  Cove  53^  05^;  (c)  Falmouth  Ob- 
servatocy-Nobska  57^  03^,  Nobika-Tarpaulfai  Cove  5z^  33^;  zo>^  fathoms;  hard  sand;  74oot 
beam  trawl,  mud  bag,  oyster  dredge. 

7750.  August  Z7,  Z905.    (a)  PalzDOUth  Observatory-Nobska  50^  33^,  Nobska-Tarpaulin  Cove  56®  48^; 

(b)  Falmouth  Observatory-Nobska  50^  2z^,  Nobska-Tarpaulhi  Cove  58^  zo^;  sandy;  9-foot  beam 
trawl,  mud  bag,  oyster  dredge. 

775Z.  August  Z7,  Z905.  (a)  Falmouth  Observatory-Nobska  42^  3z^,  Nobska-Tarpaulin  Cove  69^  45^; 
(6)  Falmouth  Observatory-Nobska  4z''  zo^,  Noksba-Tarpanlin  Cove  69*"  28^;  (c)  Falmouth  Ob- 
servatory-Nobska 40^  48^,  Nobska-Tarpaulm  Cove  69^  10^;  g}4  fathoms;  sand;  9-foot  beam 
trawl,  mud  bag,  oyster  dredge. 

7752.  August  Z7,  Z905.  (a)  Falmouth  Observatory-Nobska  32^  42^,  Nobska-Tarpaulin  Cove  87^  32^; 
(b)  Falmouth  Observatory-Nobska  3z^  57^,  Nobska-Tarpaulin  Cove  86^  zi'';  (c)  Falmouth  Observ- 
atory-Nobska 3z^  07^,  Nobska-Tarpaulin  Cove  85^  43^;  zo  fathoms;  sand  and  pebbles;  7-foot 
beam  trawl,  mud  bag,  oyster  dredge. 

775g.  August  Z7,  Z905.  (a)  Nausbon  SW-Indian  Hill  66""  35^,  Indian  Hill-West  Chop  75''  22^;  (b)  Nau- 
shon  SW-Indian  HiU  es""  28^  Indian  HiU-West  Chop  72''  52^'  (c)  Naushon  SW-Indian  HUl 
64^  34^,  Indian  Hill- West  Chop  7z^  22^;  Z3X  fathoms;  pebbles;  7-foot  beam  trawl,  mud  bag, 
oyster  dredge. 

7754.  August  Z7,  Z905.    (o)  Indian  Hill-West  Chop  76®  29',  West  Chop-Falroouth  Observatory  63**  53^; 

(b)  Indian  Hill-West  Chop  73'*  27^,  West  Chop-Falmouth  Observatory  62®  43^;  (c)  Indian  Hill- 
West  Chop  72^  02^  West  Chop-Falmouth  Observatory  62^  22^;  Z3X  fathoms;  pebbles  and  sand; 
7-loot  beam  trawl,  mud  bag,  oyster  dredge. 

7755.  August  Z7,  Z905.    (a)  Falmouth  Observatory-Nobska  95®  43^^,  Nobska-Naushon  SW  di**  26^;  (6) 

Falmouth  Observatory-Nobska  98^  zz^,  NobskarNaushon  SW  62^  27^;  (c)  Falmouth  Observa- 
tory-Nobska 98^  45^>  Nobska-Naushon  SW  65"^  45^;  W  Falmouth  Observatory-Nobska  97"^  05^, 
Nobska-Naushon  SW  70^  $1^;  zo  fathoms;  sand  and  gravel;  7-foot  beam  trawl,  mud  bag,  oyster 
dredge. 

7756.  August  2z,  Z905.    (o;  Falmouth  Observatory-Nobska  88^  05^,  Nobska-Tarpaulin  Cove  53^  Z4^; 

(6)  FalzDOUth  Observatory-Nobska  84^  58^,  NobskarTarpmlin  Cove  52^  05^;  (c)  Falmouth 
Observatory-Nobska  80^  1$^,  Nobska-Tarpaulin  Cove  54^  33^;  zzK  fathoms;  stones  and  pebbles; 
9-foot  beam  trawl,  mud  bag. 

7757.  August  2z,  Z905.    (a)  Falmouth  Observatory-Nobska  68^  2z'',  NobskarNdrtons  Point  78®  49^;  (b) 

Falmouth  Observatory-Nobska  65^  05'',  Nobska-Nortons  Point  80^  48^;  (c)  Falmouth  Observa- 
tory-Nobska 63^  38^,  Nobska-Nortons  Pbint  85^  40^;  Z3  fathoms;  stones  and  shells;  9-foot  beam 
trawl,  mud  bag. 

7758.  August  2z,  Z905.    (a)  Falmouth  Observatory-Nobska  62®  00^,  NobskarNortons  Point  69^  22^;  (b) 

Falmouth  Observatory-Nobska  60^  37^,  Nobska-Nortons  Point  67^  oz^;  (c)  Falmouth  Observa- 
tory-Nobska 58^  58"^,  Nobska-Nortons  Point  66^  02^;  Z3  fathoms;  stones  and  shells;  9-foot  beam 
trawl,  znud  bag. 

7759.  August  2Z,  Z905.    (a)  Falmouth  Observatory-Nobska  53^  05^,  Nobska-Nortons  Point  6z^  z5^; 

(b)  Nobska-West  Chop  65**  36^  West  Chop-East  Chop  95**  4*/;  (c)  Nobska-Wcst  Chop  55^  39^, 
West  Chop-East  Chop  zo5^  55^;  zz^  fathoms;  sand  and  stones;  9-foot  beam  trawl,  mud  bag. 

7760.  August  2z,  Z905.    (a)  Vineyard  Haven  Water  Tower-West  Chop  6z^  28^,  West  Chop-East  Chop 

ZZ3**  iz^;  (b)  Nobska-West  Chop  30**  a8^  West  Chop-East  Chop  zzo**  37';  (c)  Nobska-West  Chop 
97^  73^»  West  Chop-East  Chop  zo8^  32^";  8X  fathoms;  pebbles  and  shells;  9-foot  beam  trawl, 
mud  bag. 
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7761.  August  21,  1905.    (a)  NotMka* Vineyard  Haven  Water  Tower  ^2^  $(/,  Vineyard  Haven  Water 

Tower-East  Chop  86^  46^;  (6)  Nobaka- Vineyard  Haven  Water  Tower  74^  22^,  ^^neyard  Haven 
Water  Tbwer-East  Chop  99**  4a';  (c)  Nobeka- Vineyard  Haven  Water  Tower  76®  5a',  Vineyard 
Haven  Water  Tower- East  Chop  11 1^  10^;  7  fathoms;  sand  and  shelb;  9-foot  beam  trawl,  mud 
bag. 

7762.  August  21,  1905.    (a)  West  Chop- Vineyard  Haven  Water  Tower  78®  13'',  Vineyard  Haven  Water 

Tower-East  Chop  134"^  50^;  (6)  East  Chop-West  Chop  139''  3I^  West  Chop-Vineyard  Haven 
Water  Tower  82 *"  23';  (c)  East  Chop-West  Chop  121*  43^  West  Chop- Vineyard  Haven  Water 
Tower  93°  83^;  {d)  East  Chop-West  Chop  114^  08^,  West  Chop- Vineyard  Haven  Water  Tower 
100^  04"^;  4  fathoms;  mud  and  shells;  9-foot  beam  trawl,  mud  bag. 

7763.  August  21,  1905.    (o)  Nobska-West  Chop  61*  01',  West  Chop-East  Chop  72**  18^;  (6>  Nobska-West 

Chop  60**  24^  West  Chop-East  Chop  78**  03';  (c)  Nobska-West  Chop  59**  36',  West  Chop-Bast 
Chop  82^  14^;  13  fathoms;  riiellsand  pebbles;  9-foot  beam  trawl,  mud  bag. 

7764.  August  21,  1905.    (a)  Nobska-West  Chop  72**  31'.  West  Chop-East  Chop  45**  55^;  (b)  Nobaka-West 

Chop  72"*  38^  West  Chop-East  Chop  4S''  46^:  {c)  Nobska-West  Chop  74''  1^,  West  Chop-East 
Chop  51^  10^;  6  fathoms;  sand;  9-foot  beam  trawl,  mud  bag. 

7765.  August  21,  1905.     (a)  Nobska-West  Chop  81"  i</.  West  Chop-East  Chop  ss""  S9''*  iP)  Nobska-West 

Chop  80**  52^  West  Chop-East  Chop  59**  50';  (c)  Nobaka-West  Chop  8©**  41^.  West  Oiop-East 
Chop  63^  48^;  13K  fathoms;  locky;  9-foot  beam  trawl,  mud  bag. 

7766.  August  21,  1905.    (a)  Nobska-West  Chop  74"^  03^,  West  Chop-East  Chop  31''  41^;  (6)  Nobaka-West 

Chop  75*  37^  West  Chop-East  Chop  32**  29^;  {c)  Nobska-West  Chop  78^  12^,  West  Chop-East 
Chop  33^  03^;  s  faf^ioms;  pebUes  and  send;  9-toot  beam  trawl,  mud  bag. 

7767.  August  25,  1905.    fa)  Nobska-West  Chop  76^  ai',  West  Chop-East  Chop  36**  35^;  {h)  Nobska-West 

Chop  76*"  3I^  West  Chop-East  Chop  39*  23';  (c)  Nobska-West  Chop  76**  57^,  West  Chop-East 
Chop  41^  58^;  10  to  4  fathoms;  sand  and  pebbles;  9-foot  beam  trawl  and  mud  bag. 

7768.  August  23,  1905.    (o)  Nobska-West  Chop  96**  45'*  West  Chop-East  Chop  35*  47^:  W  Nobska-West 

Chop  loo**  33^  West  Chop-East  Chop  36^  40';  (c)  Nobska-West  Chop  103**  2^,  West  Chop-East 
Chop  37^  13^;  10  fathoms;  stones;  9-foot  beam  trawl,  mud  bag. 

7769.  August  a3.  1905.    {a)  Nobska-West  Chop  93°  ao'.  West  Chop-East  Chop  a8*  2^\  (Jb)  Nobska-West 

Chop  95^  2\\  West  Chop-East  Chop  a8'»  38';  (c)  Nobska-West  Chop  97**  19^,  West  Chop-East 
Chop  a8^  37^;  7  fathoms;  pebbles;  9-foot  beam  trawl,  mud  bag. 

7770.  August  33. 1905.    (a)  Nobska-West  Chop  108**  34',  West  Chop-East  Chop  27^  53';  (6)  Nobska-West 

Chop  iia''  47^  West  Chop-East  Chop  38"^  58^;  (c)  Nobska-West  Chop  109''  45^*  West  Chop-East 
Chop  39^  53^;  10  to  la  fathoms;  sand  and  pebbles;  9-foot  beam  trawl  and  mud  t>ag. 

7771.  August  a3, 1905.    (a)  Nobska-West  Chop  loa''  48^  West  Chop-East  Chop  ao""  14^;  (6)  Nobska-West 

Chop  104^  40^,  West  Chop-East  Chop  ao^  la^;  7  fathoms;  sand  and  locks;  9-foot  beam  trawl  and 
mud  bag. 
777a.  August  33,  1905.  (a)  Nobska-West  Chop  115**  34^  West  Chop-East  Chop  19**  v/;  (6)  Falmouth 
Water  Tower-Nobska  59''  07^,  Nob^a-West  Chop  xz8''  57^;  (c)  East  Oiop-Palmouth  Observa- 
tory 115^  48^,  Falmouth  Observatory-Nobska  zoi^  04^;  6  to  8  fathoms;  sand  and  pebbles;  9-foot 
beam  trawl,  mud  bag. 

7773.  August  33,  1905.    (a)  East  Chop-Falmouth  Observatory  109^  41^  Falmouth  Observatory-Nobska 

9a**  5a';  (6)  East  Chop-Falmouth  Observatory  ic6'^  42^,  Falmouth  Observatory-Nobska  89**  15^, 
(c)  East  Chop-Falmouth  Observatory  104^  46^,  Falmouth  Observatory-Nob^a  87^  3</;  iiK 
fathoms;  pebbles imd  stones;  9-foot  beam  trawl,  mud  bag. 

7774.  August  33,  Z905.    (a)  Falmouth  Water  Tower-Nobska  80""  58^  Nobska-West  Chop  113'*  31^  (h) 

Falmouth  Water  Tower-Nobska  77''  05^,  Nobska-West  Chop  isa""  19^;  (c)  Falmouth  Water 
Tower-Nobska  73*  45^,  Nobska-West  Chop  130*  01';  7K  fathoms;  pebbles;  9-foot  beam  trawl, 
mud  bag. 

7775.  August  33,  1905.    (a)  Falmouth  Observatory-Nobska  108^  00^,  Nobska-Nortons  Point  87''  zi^'* 

{b)  Falmouth  Observatory-Nobska  102^  i$\  Nobska-Nortons  Point  93^  00^;  (c)  Falmouth 
Observatory-Nobska  96^  I8^  Nobska-Nortons  Point  98^  44^;  9  fathoms:  pebbles  and  stones; 
9-foot  beam  trawl,  mud  bag. 
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7776.  August  23,  1905.    (a)  Falmouth  Water  Tower-Nobska  121°  21^,  Nobska-Nortons  Pbint  43®  15'; 

(6)  Falmouth  Water  Tower-Nobska  116**  56^,  Nobska-Nortons  Point  50°  36';  (c)  Falmouth 
Water  Tower-Nobska  iii*^  54',  Nobska-Nortons  Point  58**  40^;  W  Falmouth  Water  Tower- 
Nobska  104®  14^,  Nobska-Nortons  Point  70**  45^;  5  to  7  fathoms;  stones  and  shells;  9-foot  beam 
trawl,  mud  bag. 

7777.  August  26,  1905.    (a)  Falmouth  Water  Tower-Nobska  49**  03',  Nobska-East  Chop  92*^  19^;  (b) 

Falmouth  Water  Tower-Nobska  50**  32'',  Nobska-East  Chop  90**  11';  (c)  Falmouth  Water  Tower- 
Nobska  ss^  47',  Nobska-East  Chop  90*  02';  5K  fathoms;  sand  and  pebbles;  9-foot  beam  trawl 
and  mud  bag. 

7778.  August  26,  1905.    (a)  Falmouth  water  tower-Nobska  59^  42^,  Nobska-East  Chop  88^  47^;  (6) 

Falmouth  water  tower-Nobska  63®  32-^,  Nobska-East  Chop  86®  55^;  (c)  Falmouth  water  tower- 
Nobska  66®  03^,  Nobska-East  Chop  85®  i</;  4  fathoms;  sand  and  pebbles;  9-foot  beam  trawl 
and  mud  bag.  ^ 

7779.  August  26,  1905.    (a)  Falmouth  water  tower-Nobska  46®  29^,  Nobska-East  Chop  Z04®  21^;  (6) 

Falmouth  water  tower-Nobska  50®  48"^,  Nobska-East  Chop  Z05®  07^;  (c)  Falmouth  water  tower- 
Nobslca  54®  52^,  Nobska-East  Chop  Z04®  08^;  Z2>^  fathoms;  sand;  9-foot  beam  trawl  and  mud 
bag. 

7780.  August  26,  1905.    (a)  Falmouth  water  tower-Nobska  64®  02^,  Nobska-East  Chop  zoi®  2z^;  (b) 

Falmouth  water  tower-Nobska  72®  52^,  Nobska-East  Chop  98®  08^;  (c)  Falmouth  water  tower- 
Nobska  80®  5z^,  Nobska-East  Chop  95®  z8^;  7X  fathoms;  sand  and  pebbles;  9-foot  beam  trawl 
and  mud  bag. 

7781.  August  26,  Z905.    (a)  Falmouth  water  tower-Nobska  95®  2c^,  Nobska-East  Chop  gi^  <x^\  (6) 

Falmouth  water  tower-Nobska  zo8®  03^,  Nob^a-East  Chop  86®  46^;  (c)  FalmcmCh  water  tower- 
Nobska  Z2Z®  43^,  Nobska-East  Chop  82®  Z3^;  5  fathoms;  coarse  sand  and  pebbles;  946ot  beam 
trawl  and  mud  bag. 

7782.  August  26,  Z905.    (o)  Falmouth  water  tower-Nobska  60®  sf,  Nobska-i^ast  Chop  zz2®  47^;  (6) 

Falmouth  water  tower-Nobska  66®  59^,  Nobska-East  Chop  zz3®  zz^;  (c)  Falmouth  water  tower- 
Nobska  75®  59^,  Nobska-East  Chop  zzz®  $if\  zo  fathoms;  sand  and  pebbles;  9-foot  beam  trawl, 
mud  bag. 

7783.  August  26,  Z905.    (o)  Falmouth  water  tower-Nobska  95®  53^*  Nobska-East  Chop  zo6®  36^;  {b) 

Falmouth  water  tower-Nobska  Z05®  35^,  Nobska-East  Chop  Z03®  23';  (c)  Falmouth  water  tower- 
Nobska  Z2Z®  58^,  Nobska-East  Chop  96®  42^,  {d)  Falmouth  water  tower-Nobska  Z36®  4z^,  Nobska- 
East  Chop  88®  47^;  {e)  West  Chop-Falmouth  observatory  83®  28^  Fahnouth  observatory-Fal- 
mouth  water  tower  58®  Z2^;  5  fathoms;  sand»  pebbles,  and  shells;  9-foot  beam  trawl,  mud  bag. 

The  following  Fish  Hawk  stations  of  1903  were  repeated  with  approximate  accuracy 
by  the  Fish  Hawk  and  Phalarope  during  the  summer  of  1904: 

Station  no. 

752zbi8.  July  Z4,  Z904.    Nobska  NE  by  E,  K  mile;  ^}4  fathoms;  coarse  stones  and  sand;  24-inch 

scrape  dredge;  drift  SW  X  mile. 
7522bis.  July  Z4,  Z904.    Nobska  N  >^  W,  z  mile;  14^  fathoms;  sand  and  gravel;  7-foot  beam  trawl; 

drift  SW  X  mile. 
7523bis.  July  Z4,  Z904.    Nobska  NNW,  z^  miles;  Z2  fathoms;  stones  and  coarse  gravel;  7-foot  beam 

trawl,  24-inch  dredge;  drift  SW  yi  mile. 
7524bis.  July  Z4,  Z904.    Nob^a  NW  by  N  X  N,  2%  niiles;  zo  fathoms;  small  stones;  7-foot  beam 

trawl,  24-inch  dredge;  drift  SW  X  mile. 
7525bis.  July  Z4,  Z904.    Nobska  NNW  %  W,  2^  miles;  10  fathoms;  sandy;  7-foot  beam  trawl,  24-inch 

scrape  dredge,  aysier  dredge;  drift  SW  X  mile. 
753obis.  September  3,  Z904.    Z2  fathoms;  stones  and  shell  fragizients;  scrape  dredge. 
753zbis.  September  2,  Z904.    8^  fathoms;  gravel  and  small  stones;  scrape  dredge. 
7532bis.  July  18,  Z904.    West  Chop  ESE,  Tarpaulin  Cove  W  by  S  X  S;  9  fathoms;  mud  and  gravel; 

rake  dredge;  drift  SSW  X  mile. 
7533bis.  July  z8,  Z904.    Tarpaulin  Cove  W  by  S,  West  Chop  E  by  S  X  S;  15  fathoms;  sand  and  gravel; 

rake  dredge;  drift  S  X  mile. 
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7534bi8.  July  x8,  1904.    TarpMilin  Cove  W  K  S,  West  Chop  £  by  S;  Nobska  N£;  xa  Eathoms;  ooane 

grmyel;  trawl;  drift SW K mile. 
7535bi8.  July  18,  1904.    Nobaka  NNE,  Tarpaulin  Cove  W  by  N  K  N;  la  fathoms;  stones  and  coarse 

gravel;  beam  trawl;  drift  SW  yi  mile. 
7536bis.  July  z8,  1904.    Nobtka  N  by  E  ><  E,  Tarpaulhi  Cove  W  by  N  >^  N;  xiK  fathoms;  coane 

sand  and  shells;  beam  trawl,  ss-indi  scrape  diedfe;  drift  SW  X  mile* 
7537bi8.  July  z8,  1904.    Tarpaulin  Cove  W  by  S  ><  S,  West  Chop  E  by  8  K  S;  4K  fathoms;  gravel 

and  mud;  rake  dredge;  drift  SW  by  S  K  mile. 
7538bis.  September  6,  1904.  11  fathoms;  scrape  dredge. 
7539bis.  September  3,  1904.    xaK  to  is  fathoms;  gravel  and  stones;  scrape  dredge.    (Very  scanty 

haul.) 
754ibis.  September  7, 1904.    iiX fathoms;  gravel  and  stones;  scrape  dredge. 
7542bis.  September  7,  1904.    7X  fathoms;  sandy;  scrape  dredge. 
7543bis.  July  ao,  1904.    Gay  Head  SW  K  S»  Nobaka  E  by  N  K  N;  13  fathoms;  sandy  (?);  74oot  beam 

trawl;  drift  NE  yi  mile. 
7544bis.  July  20.  1904.    Tarpaulhi  Cove  W  K  N,  Nobaka  NE  by  E  K  E;  13  fathoms;  rake  dredge; 

drift  NE  K  mile. 
7545his-  July  20,  1904.    Nobska  NE  K  E,  Tarpaulhi  Cove  NW  by  W  K  W;  xsK  fadioms;  sand  and 

gravel;  a4-inch  scrape  dre<^;  drift  NE  K  mile. 
7546bis.  Julyao.  1904.    Nobska  NE  K  E,  Tarpaulin  Cove  NW  by  W  K  W;  zofathoms;  shell  fragments; 

oyster  dredge;  drift  NE  %  mile. 
7547bis.  July  ao,  1904.    Nobska  NE  K  N,  Tarpaulin  Cove  NW  H  W;  13  fathoms;  sand,  coane  gravel, 

and  shell  fragments;  74oot  beam  trawl,  oyster  dredge,  scrape  dredge;  drift  NE  K  E  X  mile. 
7549bis.  September  6,  1904.    la  fathoms;  small  stones;  scrape  dredge. 
755obis.  September  6,  1904.    17  fathoms;  stony;  scn^  dr^lge. 

755ibis.  September  6,  ^904.    11  fathoms;  small  stones  and  mussel  sheUs;  scrape  dredge. 
755abis.  September  7,  1904.    la  fathoms;  sand;  scrape  dredge. 
7553bis.  September  7,  1904.    8  fathoms;  scrape  dre<^. 
7554bis.  September  7,  1904.    la  fathoms;  mud  (?)  and  sand;  scrape  dredge. 
7556bis.  September  7,  2904.    5K  fathoms;  coarse  sand;  scrape  dredge. 
756abis.  September  zo,  1904.    4K  fathoms;  sand;  scrape  dredge. 
7563bis.  September  zo,  Z904.    7  fadioms;  coarse  sand;  scrape  dredge. 
7564bis.  September  zo,  Z904.    xa  fathoms;  muddy  sand  and  gravel;  scrape  dredge. 
7565bis.  September  zo,  z<>04.    Z5  fathoms;  sandy;  scn^  dredge. 
7569bb.  September  zo,  Z904.    $14  fathoms;  fine  sand;  scrape  dredge. 

PHALASOPB  STATIONS.' 

z.  July  6,  Z904.    Vineyard  Sound  south  shore  of  Nonamesset  Island;  4K  fathoms;  gravel;  aa-inch 

dredge, 
a.  July  6,  Z904.    Vineyard  Sound,  south  shore  of  Nonamesset  Island;  6>^  fathoms;  sand  and  gravel; 

aa-izich  dredge. 

3.  July  6,  Z904.    Vineyard  Sound,  south  shore  of  Nonamesset  Island;  5K  fathoms;  sandy;  aa-inch 

dredge. 

4.  July  6,  Z904.    Vineyard  Sound,  south  shore  of  Nonamesset  Island;  a  to  5  fathoms;  sandy;  aa-inch 

dre4ge.    (Scanty  haul. ) 

5.  July  8,  Z904.    Viiieyard  Sound,  south  shore  of  Naushon  Island;  8  to  zo  fathoms,  stony;  aa-inch 

dredge. 

6.  July  8, 1904.    Vineyard  Sound,  south  shore  of  Naushon  Island;  zo  to  9  fathoms,  stony  and  gravelly; 

aa-inch  dredge. 

7.  July  8,  Z904.    Vineyard  Sound,  south  shore  of  Naushon  Island;  6K  fathoms;  stones  and  gravel; 

aa-izich  dredge. 

8.  July  13,  Z904.    5  to  4K  fathoms;  soft  mud,  hard  mud;  aa-inch  dredge. 

9.  July  Z3,  Z904.    '5K  to  8  fathoms;  hard  sand;  aa-inch  dredge. 

•  IiKliadinf  alto  Bltte  WiM  itsUoM.  M  iadiotfcd. 
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xo.  July  13 » 1904-    10  to  Z4  fathoms;  hard  Mnd,  sand  and  gravel;  aa-inch  dredge. 

XX.  July  13, 1904.    xo  to  9  fathoms;  hard  sand,  send  and  lock;  as-inch  dredge. 

xa.  July  X3, 1904.    X3  fathoms;  hard  sand;  aa-inch  dredge. 

X3.  July  X5,  X904.  Vineyard  Sound,  shore  of  Naushon;  xa  to  za>^  fathoms;  gravel,  gravel  and  sand; 
aa-inch  dredge. 

X4.  July  X5,  X9Q4.  Vineyard  Sound,  shore  of  Naushon;  $  to  6  fathoms;  stones  and  sand,  stone;  aa-inch 
dredge. 

X5.  July  15,  Z904.    Vine3rard  Sound,  shore  of  Naushon;  7K  to  7K  fathoms;  stones;  aa-inch  dredge. 

x6.  July  15,  1904.  Vineyard  Sound,  shore  of  Naushon;  4  to  5  fathoms;  stones  and  sand;  aa-inch 
dredge. 

17.  July  19, 1904.    Tarpaulin  Cove;  aX  to  4  fathoms;  MUid  and  gravel;  oyster  dredge. 

x8.  July  19,  X904.  Tarpaulin  Cove;  2}i  to  aK  fathoms;  soft  mud  and  eelgrass;  oyster  dredge  and  aa- 
inch  dredge. 

19.  July  X9, 1904.    Tarpaulin  Cove;  4  to  3  fathoms;  mud,  sand;  aa-inch  dredge. 

ao  (Bine  Wii^).  July  a3, 1904.    Robinsons  Hole;  a^  to  a  fathoms;  stony  with  many  algae. 

ax  (Blue  Wing).  July  a3,  X904.    Robinscms  Hole;  3  to  i>^  fathoms;  rocky  with  many  algae. 

92  (Blue  Wing).  July  a3, 1904.    Robinsons  Hole;  3K  fathoms;  gravel. 

a3  (Blue  IX^ng).  July  2z»  ^904*    Robinsons  Hole;  ^yi  fathoms;  sandy. 

a4.  July  26, 1904.    South  side  of  Pasque  Island;  5  to  5K  fathoms;  hard  sand. 

2$.  July  26,  X904.    South  side  of  Pasque  Island;  5  to  5  fathoms;  hard,  rocky. 

a6.  Julya6, 1904.    South  side  of  Pasque  Island;  6  to  6>^  ftithoms;  partly  soft  mud. 

a7.  July  a8,  X904.    Quicks  Hole;  4  to  5  fathoms;  stony. 

a8.  July  a8, 1904.    Quicks  Hole;  5  fathoms;  muddy  sand. 

39.  July  a8,  X904.    Quicks  Hole;  3  fathoms;  sand. 

30.  July  a8,  X904.    South  side  of  Naiiiawena;  4  to  5  fathoms;  stony,  sandy. 

3x.  July  a8,  X904.    South  side  of  Nashawena;  4  to  4K  fathoms;  hard,  clean  sand. 

3a.  July  30, 1904.    South  shore  of  Cuttyhunk  Island;  5  to  5K  fathoms;  stony. 

l^,  July  30,  X9Q4.    South  shoce  of  Cuttyhunk  Island;  5  to  5K  fathoms;  gravel  and  hard  mud. 

34.  July  30, 1904.    South  shoce  of  Cuttyhunk  Idand;  5K  to  6  fathoms;  sandy. 

35.  August  3, 1904.    Off  Sow  and  Pigs  Reef;  xo  to  9  fathoms;  stones. 

36.  August  3,  X9Q4.    Off  Sow  and  Pigs  Reef;  6}4  to  9  fathoms;  stony. 

37.  August  3,  X9Q4.    Off  Sow  and  Pigs  Reef;  4K  to  5  fathoms;  stones,  sand. 

38.  August  3,  X904.    Off  Sow  and  Pigs  Reef;  ^}i  fathoms;  stony. 

39.  August  4,  Z904.    Middle  Ground;  7  to  3K  fathoms;  dean  suid. 

40.  August  4,  X904.    Middle  Ground ;  6  to  5  fathoms;  sand  and  broken  shells. 

41.  August  4, 1904.  Middle  Ground;  a  to  ^yi  fathoms;  sand  and  broken  shells. 
4a .  August  4,  X904.  Middle  Ground ;  3X  to  6  fathoms;  sand  and  broken  shells. 
43.  August  4,  X9Q4.    Middle  Ground;  2yi  to  5  fathoms;  sand  and  broken  shells. 

44  (Blue  Wmg).  August  9, 1904.    Near  Gay  Head;  3X  to  5  fathoms;  stony,  hard  sand;  aa-inch  scrape 

dredge. 

45  (Blue  Vimg),  August  9, 1904.    Near  Gay  Head;  5  fathoms;  stony;  aa-inch  scrape  dredge. 

46  (Blue  Wing).  August  9,  X9Q4.    Near  Gay  Head;  xo  feet  to  ^yi  fathoms;  hard  sand;  aa-inch  scrape 

dredge  and  tangle. 

47  (Blue  Wing).  August  9,  X904.    Near  Gay  Head;  8  to  xa  feet;  rock,  sand;  aa-inch  scrape  dredge  and 

tangle. 

48  (Blue  Wing).  August  9,  X904.  Near  Gay  Head;  sand;  aa-inch  scrape  dredge. 

49  (Blile  Wing).  August  9,  1904,  Near  Gay  Head;  sand;  aa-indi  scrape  dredge. 

50  (Blue  Wing).  August  9,  X904.  Near  Gay  Head;  sand;  aa-inch  scrape  dredge. 

5x.  August  9,  X904.  This  includes  several  hauls,  about  alike  in  character,  done  with  x6-inch  scrape 
dredge,  operated  from  a  skiff  close  to  shore;  x  to  xK  fathoms:  sand.  Collections  were  also  made 
from  stones  and  from  piles,  between  tides. 

S^.  August  XX,  X9Q4.    7  to  6K  fathoms;  shelly  and  gravelly. 

53.  August  XI,  X904.    sX  to  5X fathoms;  shelly  and  sandy. 

54.  August  II,  X904.    5K  to  7  fathoms,  hard,  clean  sand. 
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55    August  1 1 ,  1904.    ^yi  to  8K  fathoms;  clean  sand. 

56.  August  15,  1904.    Near  Gay  Head;  7  to  ^}i  fathoms;  gravel  and  sand. 

57.  August  15,  1904.    Near  Gay  Head;  5  to  9  fathoms;  Sand  and  gravel. 

58.  August  15,  1904.    Near  Gay  Head;  6>^  to  93^  fathoms;  sand  and  gravel. 

59.  August  15, 1904.    Near  Gay  Head;  11  to  13  fathoms;  shell  bottom. 

60.  August  15,  1904.    Near  Gay  Head;  8>^  to  6  fathoms;  sand  and  shells. 

61.  August  i9»  1904.     $yi  to  5  fathoms;  clean  sand. 

63.  August  19,  1904.    7  to  7  fathoms;  sandy  and  pebbly. 

63.  August  19,  Z904.    7  to  6>^  fathoms;  sandy  and  pebbly. 

64.  August  24, 1904.    tl4  to  6  fathoms;  hard  sand. 

65.  August  34, 1904.    6  to  3X  fathoms;  gravel. 

66.  August  24, 1904.    6  to  ^}4  fathoms;  sandy. 

67.  August  24,  1904.    4X  to  3K  fathoms;  sandy. 

68.  August  24,  Z904.    6K  to  8  fathoms;  sandy  and  dielly. 

69.  August  26, 1904.    Vineyard  Haven;  ^}i  to  iiX  fathoms:  lock  and  stones;  23-inch  scrape  dredge. 

70.  August  26, 1904.    Vineyard  Haven;  4  to  4  ^ithoms;  shelly  mud;  22-inch  scrape  dredge. 

71.  August  26,  1904.    Vineyard  Haven;  3><  to  3;'<  fathoms;  riiellsandnrad;  oyster  dredge. 

72.  August  26, 1904.    Vineyard  Haven;  3  to  4  fathoms;  shells  and  mud;  oyster  dredge. 

73.  August  3o»  1904.    5  to  2}4  fathoms;  mud;  scrape  dredge. 

74.  August  30»  1904.    5>^  to  6  fathoms;  sandy;  scrape  dredge. 

75.  August  30,  1904.    syi  to  5X  fathoms;  sandy  and  eelgrMs;  scrape  dredge. 

76.  August  30, 1904.    7  to  8K  fathoms;  sandy;  scrape  dredge. 

77.  August  30,  Z904.    4>^  to  7  fathoms;  gravelly;  scrape  dredge. 

78.  July  6, 1905.    North  shore  of  Nashawena,  at  western  end;  6  to  5  fathoms;  sand  and  mud. 

79.  July  6, 1905.    North  shore  of  Nashawena;  5K  to  $}i  fathoms;  nrad. 

80.  July  6, 1905.    North  shore  of  Nashawena ;  6  to  5  fathoms;  sandy. 

81.  July  6, 1905.    Buzzards  Bay,  near  Quicks  Hole;  7  to  7  fathoms;  sandy. 

82 .  July  6, 1905.    Shore  of  Pasque  Island  near  Quicks  Hole;  8  to  ^}i  fathcmis;  sandy. 

83.  July  12, 1905.    North  shore  of  Paaqne  Island;  5  to  7  fathoms,  sand. 

84.  July  12,  1905.    North  shore  of  Pasqne  Ubnd;  6K  to  ^yi  fathoms;  diells  and  mud. 

85.  July  12, 1905.    Robinsons  Hole ;  5  to  6  fathoms;  sand  and  diells. 

86.  July  12, 1905.    West  end  of  Naushon;  5  to  6  fathoms;  sand» 

87.  July  15, 1905.    Northwest  shore  of  Naudion;  3K  to  3  fathoms;  algs,  stony. 

88.  July  15, 1905.    Northwest  shore  of  Naushon;  35^  fathoms;  clean  sand. 

89.  July  15, 1905.    Northwest  shore  of  Naushon;  3X  to  5  fathoms;  mttddy  sand. 

90.  July  15,  1905.    Northwest  shore  of  Naushon;  4I4  to  4K  fathoms;  dean  sand. 

91.  July  15,  1905.    Northwest  shore  of  Nauaboo;  3X  to  3  fathoms;  clean  gravel. 

92.  July  15, 1905.    Northwest  shore  of  Naushon;  4K  to  5  fadioms;  sand. 

93-  July  i5>  1905.    Northwest  shore  of  Naushon;  7  to  8  fathoms;  sandy  mud. 

94.  July  18, 1905.    Northwest  shore  of  Naushon  Island;  2  to  6J^  fathoms;  sandy  mud. 

95.  July  18,  1905.    Northwest  shore  of  Naushon  Island;  4  fathoms;  mud  and  sand. 

96.  July  18, 1905.    Northwestern  extremity  of  Naushon  Island ;  4  to  3K  fathoms:  clean,  coarae  sand. 

97.  July  18,  1905.    4X  to  3f<  fathoms;  coarse  muddy  gravel. 

98.  July  18,  1905.    West  end  of  Uncatena  Island;  4  to  3K  fathoms;  muddy  sand. 

99.  July  20,  1905.    Near  western  end  of  Cuttyhunk  Island;  3  to  ^}4  fathoms;  sand. 
100.  July  20,  1905.    Northwest  shore  of  Cuttyhunk  Island;  4  to  5  fathoms;  sandy  mud. 
loi.  July  20,  1905.    Northwest  shore  of  Cuttyhunk  Island;  4  to  4^  fathoms;  clean  sand. 

102.  July  20,  1905.    Northwest  shore  of  Cuttyhunk  Idand;  5  to  5  fathoms;  loose  sand. 

103.  July  30,  Z905.    North  shore  of  Cuttyhunk  Island;  4  to  5K  fathoms;  dean  sand. 
T04.  July  20,  1905.    Cuttyhimk  Harbor;  2^  to  3  fathoms;  sand. 

105.  July  22,  1905.    Near  Weepecket  Islands;  6  to  6%  fathoms,  clean  sand. 

106.  July  22,  1905.    Near  Weepecket  Islands,  6  to  6  fathoms,  clean  sand. 

107.  July  22,  1905.    Near  Weepecket  Islands,  $%  to  $}4  fathoms;  mud  and  shells. 
Z08.  July  22,  1905.    Near  Weepecket  Islands;  4K  to  5  fathoms;  sand  and  gravel. 
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Near  Weepecket  Islands;  6^  to  7X  fathoms;  clean  sand. 

Near  Weepecket  Islands;  sX  to  ^]4  fathoms;  muddy  gravel. 

Sow  and  Pigs  Reef;  2^  to  7  fathoms;  stones  and  pebbles;  scrape  dredge. 

Western  end  of  Cuttyhunk  Island;  s  to  6  fathoms;  stones;  scrape  dredge. 

Near  Penikese  Island;  7  to  8  fathoms;  sand  and  gravel;  scrape  dredge. 

Near  Penikese  Island;  7  to  7K  fathoms;  sand;  scrape  dredge. 

Near  Penikese  Island;  s  to  7  fathoms;  sand  and  gravel;  scrape  dredge. 

Near  Penikese  Island;  a>a  to  4  fathoms;  pebbles  and  sand;  scrape  dredge. 

North  shore  of  Uncatena  Island;  a  to  4^^  fathoms;  pebbles  and  stones. 

East  of  Uncatena  Island;  7  to  s  fathoms;  sand  and  shells. 

Hadley  Harbor;  a  to  4  fathoms;  mud  and  sand. 

Entrance  to  Hadley  Harbor;  $  to  4>^  fathoms;  sand  and  mud. 

Woods  Hole  passage;  4  to  4^^  fathoms;  sand  and  stones. 

Near  tip  of  Penzance  Point;  4  to  s  fathoms,  sand  and  gravel. 

Near  Penzance  Point;  a  to  4  fathoms;  sand  and  gravel. 

North  of  Penzance  Point;  4  to  4^  fathoms;  fine  sand  and  stones. 

Bay  shore,  near  bathing  beach;  a  to  4^  fathoms;  clean  sand. 

Near  entrance  to  Quisset  Harbor;  4  to  4^  fathoms;  shells  and  mud. 

Quisset  Harbor;  a  to  i^  fathoms;  black  mud. 

Near  entrance  of  Quisset  Harbor;  4  to  s  fathoms;  rocks  and  gravel. 

North  of  Quisset  Harbor;  a  to  4>^  fathoms;  clean  sand. 

Near  Gunning  Point;  aX  to  $  fathoms;  sand  and  gravel. 

Near  Hamlin  Point;  2}^  to  aX  fathoms;  stones  and  sand. 

East  shore,  Buzzards  Bay;  4^  to  s  fathoms;  sand  and  gravel. 

South  of  Hog  Island  Harbor;  ^%  to  6  fathoms;  sand  and  gravel. 

Near  entrance  of  Hog  Island  Harbor;  aX  to  4f<  fathoms;  stones  and  many  algse. 

Entrance  of  Hog  Island  Harbor;  3^  to  s  fathoms;  sand  and  pebbles. 

North  of  Hog  Island  Harbor;  aK  to  4X  fathoms;  sand. 

Between  Hog  Island  Harbor  and  Wild  Harbor;  4  to  4^  fathoms;  stones  and  sand. 

South  of  Wild  Harbor;  sX  to  6%  fathoms;  clean  fine  sand. 

Wild  Harbor;  7  to  sK  fathoms;  clean  sand. 

Nyes  Neck;  $  to  7K  fathoms;  sand  and  shells. 

Cataumet  Harbor;  3  to  4  fathoms;  sand  and  gravel. 

Cataumet  Harbor;  3  to  sK  fathoms;  pebbles  and  stones. 

Cataumet  Harbor;  4  to  tyi  fathoms;  mud. 

Off  Scraggy  Neck;  4K  to  4^  fathoms;  sand  and  shells. 

Shore  of  Scraggy  Neck;  4X  to  3^  fathoms;  sand  and  shells. 

Between  Scraggy  Neck  and  Wenaumet  Neck;  3  to  4  fathoms;  fine  sand. 

Near  Wings  Neck  Light;  ^%  to  3X  fathoms;  fine  gravel. 

Off  Wings  Neck  Light;  4  to  4  fathoms;  sand  and  shells. 

North  shore  of  Wenaumet  Neck;  s  to  ^%  fathoms;  sand  and  shells. 
North  shore  of  Wenatunet  Neck;  4^^  to  2  fathoms;  fine  sand. 
North  shore  of  Wenaumet  Neck;  2^  to  1%  fathoms;  muddy  sand. 
Near  head  of  Buzzards  Bay;  2  to  2^  fathoms;  fine  sandy  mud. 
Off  Monument  Beach;  2  to  2f^  fathoms;  fine  muddy  sand. 
Mouth  of  Weweantic  River;  12  feet;  soft  black  mud. 
Wareham  River;  14  feet;  soft  black  mud. 
Wareham  River;  is  feet;  soft  black  mud. 
Wareham  River;  is  feet;  soft  black  mud. 
Wareham  River;  is  feet;  shells. 


Off  Sippican  Neck;  3^  fathoms;  black  sticky  mud,  few  shells;  22-inch  dredge; 
Auooot  Cove;  4  fathoms;  fine  sandy  mud;  22-inch  dredge;  13  minutes. 
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x6i.  Auguft  27,  X907.    Mttttopojjctt  Harbor;  3   fathoms;  black  nnid;  32-iiich   dredge;  repeated   witii 

"scollop  dredge."    (Scanty  haul.) 
i6a.  August  37, 1907.    West  shore  of  West  Island;  5  to  5>^  fathoms;  mud,  slightly  sandy,  and  a  little 

fine  gravel;  29-inch  dredge;  15  minutes. 

163.  August  27,  1907.    End  of  Soonticut  Neck;  4  to  ^yi  fathoms;  sandy  mud  and  stones;  22-inch 

dredge  and  "scollop  dredge." 

164.  August  27,  Z907.    Bebw  New  Bedford  Harbor;  3  to  2f^  fathoms;  black  mud  with  a  little  sand, 

few  stones,  and  riiell  fragments;  22-inch  dredge;  20  minutes. 

165.  August  27, 1907.    Entrance  of  Clark  Cove;  3  fathoms;  mud,  shell  fragments,  and  stones;  ss-iadi 

dredge. 
z66.  August  27,  1907.    Round  Hill  Point;  3  fathoms;  black  mud  and  sheUs;  22-inch  dredge. 
167.  August  27, 1907.    Mishaum  Point;  3^^  fathoms;  shells  and  gravel;  22-inch  dredge. 
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Chakt  I.— BUoculina  ringens. 
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Chakt  2. — Miliolinaseminultxii]. 
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Chart  3. — ^Miliolina  oblonga. 
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Chart  4.— Miliolina  circularis. 
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Chart  5. — Polymorphina  lactea. 
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Chart  6. — Discorbina  rosacea. 
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Chart  7.— Pulvinulina  lateralis. 
16269° — Bull.  31,  pt  I — 13 1$ 
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Chart  8.— Rotalia  beccahi. 
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Chart  9. — Polystomella  striatoptmctata* 
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Chart  zo.— <jfaatia  cUiata? 
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Chart  xz.— Cliona  celaU. 
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Chart  12. — Chalinasp. 
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Crakt  13.— Miciockma  piolifcfa. 
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Cha&t  14.— Ptmutfia  tiarella. 
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Chart  15. — Hydractinia  echinaU. 
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Chart  i6. — Eudendrium  ramosum. 
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Chart  17. — Ettdendrium  dispar. 
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Chart  x8.— TUbularia  ooutbouyi. 
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Chart  19. — ^Tubularia  ctocea. 
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Chart  ao. — Obelia  geniculata. 
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Chart  ai. — ^Halecium  halecinum. 
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Cha&t  22, — ^Thuiaria  argentea. 
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Chart  55.— Hannotho^^  imbricata. 
16269**— Bull.  31,  pt  I— 13 18 
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Chart  56. — LcpidonotMa  •qtiamatiii. 
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Chart  57. — ^Nephthys  incisa. 
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Chart  58. — Nephthyg  buccra. 
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Chart  59. — ^Nereis  pelagica. 
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Chart  60.— Hatynereit  iiiegak>p«. 
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Chart  61.— Marphysa  leidyi. 
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Chart  6a. — Diopatra  cuprca  (tubes  only). 
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Chart  63. — Arabella  opalina. 
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Chakt  64.~Lumbri]ieri8  hebes. 
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Chart  65. — ^Niiio€  nigiipes. 
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Chart  66. — Rhynchobolus  americantis. 
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Chart  67. — Chsetoptenis  pergamentaceus  (tubes  only). 
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Chakt  68.— Spiochgtopterm  oculatos. 
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Chart  69. — Lepnea  rubra. 
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Chart  70.— Pista  intermedia. 


Digitized  by 


Google 


BIOUX;iCAL  SURVEY  OF  WOODS  HOLB  AND  VICINITY, 


289 


Chart  71. — PisU  palmata. 
x6j69®— Bull.  31,  pt  I— 13 19 
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Chart  73. — PDlydirus  eximetu. 
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Chart  73. — Ampharete  setosa. 
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Chart  74. — ^MHhma  macwlata 
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Chart  75.— Cistenides  gouldii. 
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Chart  76. — Clymenella  torquata. 
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Chart  77.— Maldane  elongata. 


Digitized  by 


Google 


296 


BUI^LETIN  OP  THB  BUREAU  OP  PTSHHRIBS. 


Chart  yS.—Tfopbaiiia  aflBnis. 
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Chart  79. — Parasabella  mkrophthalmia. 
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Chart  8o.— FlKudopotamilla  ocuUferm. 
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Chart  81. — Hydroides  dianthus. 
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Chart  83. — Sabellaria  vulgaris. 
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Chart  83.— PhascoUon  strombi. 
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Chart  84. — Balanus  etrarneus. 
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Chart  85. — ^Lysianopsis  alba. 
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Chart  86.~Hai]8torius  arenarhis. 
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Chart  87. — Ampelisca  maciocephala. 
16269*— Bull.  3i»  pt  I — 13 ao 
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Chart  88.— Ampelisca  q>tiiipe8. 
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Chart  89.— Byblis  serrata. 
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Chart  90. — Calliopiiis  leviusciilus. 
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Chart  91. — Pontogenia  inennis. 
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Chart  92.— Batea  tecimda. 
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Chart  93.— Oanunams  ntwutaHf 
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Chart  94. — Elamopus  levis. 
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Chart  95. — AntonoS  smithi. 
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Chart  96. — Ptilocheinis  pin^^. 
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Chart  97. — AmphithoC  rubricata. 
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Chart  98.— Jaata  mannonita. 
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Chart  99. — Eiicthonius  minax. 
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Chart  xoo. — Corophhun  cylindricnxD. 
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Chart  ioi. — ^Unciola  inorata. 
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Chart  zo2.— Caprellidc  ^. 

Owing  to  a  confusion  in  the  earlier  records,  the  distributions  of  two  members  of  this  family 
(CaprtUa  gwmetrka  and  ^ginella  longicomit),  and  poMibly  some  others,  have  been  plotted  upon  a 
single  chart. 
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Chart  103. — ^Leptochelia  savignyi. 
16969^ — Bull.  31,  pt  I — 13 21 
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Crakt  X04.— IdoUiea  baltka. 
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Chart  105. — Idothea  phosporea. 
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Chart  109. — Pagurus  pollicaris. 
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Chart  112 . — Pagurus  annulipes. 
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Chart  1x3.— Felia  mutica. 
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Chart  115.— Cancer  inoratus. 
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Chart  1x7. — Ovalipes  ocellatus. 
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Chart  119. — Pinnotheres  mactilatus. 
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Chart  12  z. — ^Anoplodactylus  lentus. 
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Chart  123. — ^Anomia  simplex.    (See  explanation  of  chart  26.) 
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Chart  124. — ^Anomia  aculeaU.    (Sec  explanation  of  chart  26.) 
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Chart  125. — Pecten  magellanicus.    (See  explanation  of  chart  26.) 
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Chart  126.— Pccten  gibbus  boreal i».    (See  explanation  of  chart  26.) 
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Cbast  lay.*— Mytilus  edulis.    (Seeexplanationof  chart  26.) 
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Chart  129. — ^Modiolaria  nigra.    (See  explanation  of  chart  26.) 
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Chart  130.— Crenella  glandula.    (See  explanation  of  chart  36.) 
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Chart  131.— Area  pondeiosa.    (See  explanation  of  chart  26.) 


Digitized  by 


Google 


350 


BUIXBTIN  OP  THB  BUKBAU  OF  FISmtRIKS. 


CHART  W 

VINEYARD   SOUND 

AKO 

BUZZARDS    BAY 

SHOWIMa 

DISTRIBUTION  OP  SPECIES 


Cbart  133.— Area  transvena.    (See  expUmatkm  of  chart  36.) 


Digitized  by 


Google 


BIOIXX^ICAL  SURVEY  OP  WOODiS  HOI<E  AND  VICINITY. 


351 


Chart  133. — ^Arca  campechiensis  pexata.    (See  explanation  of  chart  26.) 
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Chart  134. — Nucula  pioxima.    (See  explanation  of  chart  36.) 


Digitized  by 


Google 


BIOU)GICAL  SURVEY  OF  WOODS  HOLB  AND  VICINlTy. 


353 


Chart  135. — YoldU  limatula.    (See  explanation  of  chart  a6.) 
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Chakt  136. — Solemya  velum.    (See  explanation  of  chart  26.) 
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Chart  137. — ^Venericardia  borealis.    (See  explanation  of  chart  26.) 
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Chart  139. — Astarte  castanea.    (See  explanatiGsi  of  chart  26.) 
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Chart  140. — CmnxieUa  mactracea.    (See  explanation  of  chart  a6.) 
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Chart  Z41. — Divaricella  quadrisulcata.    (See  explanation  of  chart  26.) 
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Chast  Z43. — ^Lflevicaidium  mortoni.    (See  explanatkm  of  chart  26.) 
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Chakt  144.— Cyclas  iilmdica.    (See  explanatioii  of  chart  96.) 
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Chart  145. — ^Venus  mercenaiia.    (Sec  explanation  of  chart  26.) 
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Chart  146.— Callocardia  monlituaui.    (See  explanation  of  chart  96.) 
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Chart  147. — Pctrioola  pholadiformis.    (See  explanation  of  cbart  36.) 
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Digitized  by 


Google 


BIOUX;iCAL  SURVEY  OF  WOODS  HOLB  AND  VICINITY. 


367 


Chart  149. — ^Tellma  tenera.    (See  explanation  of  chart  26.) 
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Chart  151.— Busk  directns.    (See  explanatioiKrf  chart  a6.) 
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Chakt  15a.— <}iiiiiiiigia  teUinoklet.    (See  explanatka  of  chart  a6.) 
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Chart  153. — Spisula  solidiasiiiia.    (See  explanation  of  chart  26.) 
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Chakt  154.— Mttlmia  Utermlis.    (See  eTplaaatlon  of  diait  s6.) 
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Cbakt  255.— Thncia  oonradi.    (See  €X|>tana>km  of  cJhart  06.) 
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Chart  156.— Cochlodesma  leaaiuii.    (See  rTpbmatkm  of  chart  a6.) 
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Chart  157. — ^Lyonaia  hyalina.    (See  explanation  of  chart  36.) 
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Chart  159.— Corbula  cootracta.    (See  explanation  of  chart  26.) 
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Chart  i6o.— Mya  arenaria.    (See  explanation  of  chart  36.) 


Digitized  by 


Google 


BIOLOGICAL  SURVEY  OP  WOODS  HOLE  AND  VICINITY. 


379 


Chart  i6i.— Chfletoplcura  apiculata. 


Despite  the  omission  of  the  circles  from  this  chart,  nearly  all  of  our  records  are  for  living 
specimens. 


Digitized  by 


Google 


38o 


BULLETIN  €^  THB  BtntBAU  OF  FISHBRIBS. 


CHART  or 

VINEYARD    SOUND 

AND 

BUZZARDS    BAY 

SHOWING 

DISTRIBUTION  OF  SPECIES 


NEW  BEDFORD^ 


Chart  162. — Tomatina  canaliaibta.    (See  explanation  of  chart  a6.) 
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Chart  163. — Cylichnella  oryza.    (See  explanation  of  chart  a6.) 
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Chart  164.— Busycon  canaliculatum.    (See  explanation  of  chart  36. ) 
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Chart  165. — Busycon  caiica.    (See  explanation  of  chart  26.) 
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Chart  167.— Tritia  trivittata.    (Sec  explanatioii  of  chart  26.) 
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Chart  169. — ^Anachb  avara.    (See  explanatkm  of  chart  36.) 


Digitized  by 


Google 


388 


BULLETIN  OP  THE  BUREAU  OP  FISHERIES. 


Chart  170. — Astyris  Itinata.    (See  explanation  of  chart  36.) 
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Cbajit  171. — Eupkura  cmidata.    (See  explanation  of  chart  36.) 
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Chakt  17a. — ^Urptalpinx  daeretts.    (See  exphmation  of  dart  96.]^ 
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Chart  173. — Bulima  conoidea.    (Sec  explanation  of  chart  a6.) 
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Chart  174.— Turbonilla  tp.    (See  explanadan  of  diart  §6,) 

Owing  to  a  confiision  in  the  earlier  records,  the  distribution  of  all  members  of  this  gemji  has  been 
plotted  upon  a  single  chart. 
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Chart  175. — Sella  terebralis.    (See  explanatum  of  chart  36.) 
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Chart  176.— Cerithiopsis  emeiBonii.    (See  explanation  of  chart  26.) 
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Chart  177. — Bittitim  altematum.    (See  explanation  of  chart  a6.) 
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Charat  179. — ^Vennicularia  spirata.    (See  explanation  of  chart  a6.) 
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Chart  x8x. — Lacuna  ptiteola.    (See  explanation  of  chart  36.) 
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Chart  182. — Crucibulum  striatum.    (See  explanation  of  chart  26.) 
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Chart  183. — Crepidula  fomicata.    (See  explanation  of  chart  26.) 
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Chart  185. — Crepidula  plana.    (See  explanation  of  chart  26.) 
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Chart  i86. — Polynices  duplicata.    (See  explanation  of  chart  a6. ) 
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Chart  187.— Pblyniccs  heios.    (See  explanation  erf  chart  26.) 
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Digitized  by 


Google 


BIOLOGICAI,  SURVEY  OF  WOODS  HOLB  AND  VICINITY. 


407 


Chart  189.— -Loligo  pealii. 
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Chart  190. — ^Molgula  arenata  and  Bugyra  glutinans. 

The  stars  of  solid  black  denote  those  stations  from  which  the  first^named  species  was  recorded,  the 
dotted  stars  denoting  those  stations  from  which  the  second  was  recorded.  Owing  to  the  probability 
that  these  two  species  were  in  some  cases  confused,  their  occurrence  has  been  plotted  upoo  a  sin^ 
chart. 
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Chart  191. — Molgula  manhattensis. 
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Chart  19a.— Stycla  partita. 
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Chart  193. — Petophora  viridis. 
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Chart  194. — Didemmim  hitarium. 
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Chart  195. — ^Amaroucium  pellucidtim. 
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Chart  197. — Amaioucium  stellatum. 
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Chart  19S. — Raja  erinacea. 
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Chart  199. — Syngnathus  fuscus. 
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Chart  aoo. — ^Aminodytet  americaaus. 
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Chart  aoi. — Stcnotooius  chrysopt. 
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Chart  303. — Sphefoides  maculatus. 
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Chart  304. — ^Myoxocephalus  meus. 
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Chart  305. — Prkmotus  caiolinus. 
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Chart  206. — Pholls  gunelhu. 
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Chart  307. — Paralichthys  dentatus. 
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Chart  3o8.— Pandidithys  oblongus. 
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Chart  309. — Pseudopleunmectesamericaaus. 
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Chart  210. — Lophoptetta  maculaU. 
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Chart  211. — ^Temperature  throughout  Buzzards  Bay  and  Vmeyard  Sound,  August,  1907. 
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TEMPERATURE  CHART 

NOVCMBCR    1907 
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Chaxt  aza.— Temperature  thfous^iout  Buzzards  Bay  and  Vineyard  Sound,  NoTember,  1907. 
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Chart  313. — Temperature  throughout  Buzzards  Bay  and  Vineyard  Sound,  March,  1908. 
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Chart  314.— Temperature  thioug^out  Buzzards  Bay  and  Vineyard  Sound,  June,  1908. 
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UPPER  Pl6UII£  OCNOTCS   DENSITY   AT   SURrACE 


Chart  2x5. — Density  thitmg^iout  Buzzards  Bay  and  Vineyard  Sound,  August,  1907. 
X6269**— Bull.  31,  pt  I— 13 28 
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Chart  3x6.— Density  thiou^^out  Buzzards  Bay  and  Vineyard  Sotmd,  November,  1907. 
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MARCH     1908 
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Chart  aiy.—Density  Ummghotit  Buzzards  Bay  and  Vineyard  Sound,  March,  1908. 
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DENSITY  CHART 
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Chart  a  18. — Density  tluougbout  Buzzards  Bay  and  Vineyaid  Sound,  June,  1908. 
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Chakt  220. — Stifface  temperatures,  northwestern  Atlantic  Ocean,  during  January,  February,  March, 
and  April.  (Furnished  by  Hydrographic  Office,  United  States  Navy  Department,  from  com- 
pilation of  British  Meteorological  Office.) 
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Chart  aai. — Surface  tcmpcrattires,  northwestern  Atlantic  Ocean,  during  May,  June,  July,  and  August 
(Furnished  by  Hydic^phic  Office,  United  States  Navy  Department,  &om  compilation  of  Britiali 
Meteorological  Office.) 
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Chart  222. — Surface  temperatures,  northwestern  Atlantic  Ocean,  during  September,  October,  Novem- 
ber, and  December.  (Furnished  by  Hydrographic  Office,  United  States  Navy  Department,  from 
compilation  of  British  Meteorological  Office.) 
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Chart  223. — Cape  Cod  and  neighboring  areas  of  land  and  water,  diowing  geographic 
and  hydrogn^hic  features.  (Based  in  part  on  U.  S.  Coast  and  Geodetic  Survey 
chart  no.  1000.) 
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Section  II.— BOTANICAL. 

General  Characteristics  ci  the  Algal  Vegetation  of  Buzzards  Bay  and  Vineyard 
Sound  in  the  Vicinity  of  Woods  Hole. 

By  BRADtSY  Moors  Davis. 


Chapter  I.— INTRODUCTION. 

Ever  since  the  publication  of  Harvey's  "Nereis  Boreali- Americana,"  in  1852,  1857, 
it  has  been  recognized  that  the  marine  algae  of  the  Atlantic  coast  of  North  America 
were  separated  by  Cape  Cod  into  two  floras.  The  distjinction  was  discussed  in  detail  in 
Farlow's  report  "The  Marine  Algae  of  New  England,"  1881,  and  in  his  earlier  "List  of 
the  Sea-weeds  or  Marine  Algae  of  the  South  Coast  of  New  England,"  1873.  The  work 
of  later  algologists  has  only  served  to  emphasize  the  fundamental  differences  between 
the  two  marine  floras,  and  the  results  of  this  survey  add  further  evidence  in  support  of 
this  general  conclusion. 

Similar  conclusions  have  been  reached  by  zoologists  respecting  the  distribution  of 
marine  animals  north  and  south  of  Cape  Cod.  The  fatma  from  the  cape  northward  to 
Labrador  is  regarded  as  essentially  a  continuous  one,  with  no  changes  that  are  com- 
parable to  those  which  appear  southward.  Two  faunas  separated  by  Cape  Cod  have 
thus  been  distinguished,  and  there  seems  to  be  a  difference  between  these  similar  to  that 
between  the  two  marine  floras.  The  most  important  reasons  for  the  difference  between 
the  faunas  and  floras  north  and  south  of  Cape  Cod  are  undoubtedly  the  same. 

The  marine  algae  north  of  Cape  Cod,  as  pointed  out  by  Farlow  (1881),  are  in  general 
a  part  and  continuation  of  the  flora  of  Greenland  and  Newfoundland.  Many  of  the 
most  characteristic  species  of  the  flora,  as  judged  quantitatively,  are  identical  with  those 
of  the  Scandinavian  coast,  and  it  seems  clear  that  the  algae  of  the  west  and  east  side  of 
the  north  Atlantic  are  a  part  of  a  general  Atlantic  boreal  flora. 

The  reason  for  the  boreal  character  of  the  algal  flora  north  of  Cape  Cod  is  undoubt- 
edly the  low  range  of  temperature  which  prevails  even  through  the  warmer  months  of 
the  year.  The  coast  is  bathed  by  a  belt  of  cold  water  that  lies  between  the  coast  and 
the  Gulf  Stream,  this  belt  being  from  200  to  250  miles  broad  off  a  large  part  of  the  New 
England  coast,  although  the  Gulf  Stream  is  only  about  80  miles  from  Marthas  Vineyard 
and  Nantucket.  The  temperature  of  these  waters,  except  in  sheltered  situations,  only 
reaches  60®  F.  or  slightly  above  for  a  few  weeks  in  midsummer,  and  for  the  greater  part 
of  the  year  is  below  50°,  and  remains  below  40®  throughout  the  winter.  The  explanation 
of  this  condition  involves  a  number  of  factors,  which  are  discussed  in  section  i,  chapter 
II,  pages  35  and  51,  to  which  the  reader  is  referred  foy  details.  The  most  important 
point  for  present  consideration  is.  the  undisputed  fact  of  the  presence  of  a  belt  of  rela- 
tively cold  water  north  of  Cape  Cod,  lying  between  the  Gulf  Stream  and  the  New 
England  shores,  which  directly  influences  the  algal  flora. 

The  marine  algae  south  of  Cape  Cod  may  be  grouped  into  what  Harvey  (1852,  p.  26) 
calls  the  flora  of  Long  Island  Sound,  extending  from  Cape  Cod  to  New  Jersey.    It  includes 
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a  large  number  of  species  not  found  at  all  north  of  Cape  Cod  and  some  that  have  been 
reported  only  m  a  few  sheltered  dtuations  where  the  temperature  of  the  stnnmer  undoubt- 
edly rises  much  above  the  average  of  the  general  r^on.  It  comprises  certain  species 
which  are  present  in  the  north  Adriatic  and  other  parts  of  the  Mediterranean  and  some 
that  are  fotmd  south  of  New  Jersey,  in  the  West  Indies,  and  in  other  warmer  seas.  The 
generally  sandy  character  of  the  coast  from  New  Jersey  southward  serves  to  separate 
the  flora  of  Long  Island  Sound  from  that  of  Key  West  and  the  West  Indies.  Certain 
species  that  are  typically  northern  or  arctic  in  their  habitats  are  found  all  the  year  round 
in  some  localities  south  of  Cape  Cod  where  the  conditions  are  sufficiently  favorable  for 
their  growth,  and  a  number  of  other  species  appear  in  the  winter  season.  However, 
the  algal  flora  of  the  summer  stands  in  sharp  contrast  to  that  north  of  Cape  Cod,  and 
resembles  in  many  respects  the  floras  of  warmer  seas,  although  a  number  of  important 
groups,  characteristic  of  such  regions,  are  not  represented  in  the  flora  of  Long  Island 
Sound. 

The  reasons  for  the  peculiarities  which  are  noticed  at  once  in  the  algal  flora  south 
of  Cape  Cod  are  in  general  quite  as  evident  as  are  those  for  the  boreal  characteristics 
north  of  the  cape.  Cape  Cod  forms  a  barrier  which  holds  the  cold  waters  of  the  north 
somewhat  as  in  a  pocket  and  greatly  checks  their  mingling  directly  with  the  waters  of 
Nantucket  and  Vineyard  Sounds  to  the  south.  Nantucket  and  Marthas  Vineyard, 
together  with  various  shoals,  form  barriers  which  still  further  protect  these  sheltered 
sounds  from  the  cooler  water  which  Ues  off  such  exposed  points  as  Gay  Head  and  No 
Mans  Land.  This  offshore  cooler  water  is  probably  an  extension  oi  the.  cold  belt  north 
of  Cape  Cod,  which  continues  southward  around  the  cape.  The  proximity  of  the  Gulf 
Stream,  which  Ues  only  about  80  nautical  miles  off  the  coast  of  Nantucket,  is  also  a 
factor  of  considerable  importance.  While  the  Gulf  Stream  does  not  send  any  wdl- 
marked  side  currents  toward  the  coast,  it  must,  nevertheless,  greatly  modify  the  tem- 
perature of  the  water  which  lies  between  it  and  the  shore.  It  is  well  known  that  southerly 
storms  bring  stuface  water  from  the  Gulf  Stream  toward  the  coast,  for  masses  of  gulf- 
weed,  Sargassum  bacciferum,  with  animal  inhabitants  characteristic  of  sargasso  seas 
(such  as  the  nudibranch,  Scyllaa  pelagica,  certain  crabs.  Planes  minuius  and  Poriunus 
sayi,  and  the  fish  Pierophryne  hisiario)  are  not  infrequently  found  in  Vineyard  Sound 
and  other  bodies  of  water,  especially  where  tidal  currents  are  so  strong  as  to  bring  them 
near  to  land. 

The  waters  south  of  Cape  Cod,  embracing  such  bodies  as  Vineyard  Sound,  Buzzards 
Bay,  Narragansett  Bay,  Long  Island  Sound,  and  the  regions  that  lie  between,  are  then 
effectively  protected  from  the  influence  of  the  cold  water  north  and  east  of  the  cape,  and 
consequently  are  able  to  become  relatively  warm  during  the  summer  months.  The  fact 
that  these  waters  are  generally  shallow  permits  them  to  respond  very  quickly  to  the 
atmospheric  changes  at  different  seasons  and  makes  possible  great  extremes  during  the 
year.  Their  temperature  in  the  winter  falls  close  to  freezing  point,  but  rises  in  the 
summer  to  70^  F.  and  above.  Some  of  the  most  sheltered  harbors  and  bays  may  even 
become  much  warmer  than  that  during  the  summer,  while  they  regularly  freeze  over  in 
the  winter.  Such  a  wide  range  of  temperature  throughout  the  year  permits  a  great 
variety  in  the  life  conditions,  which  is  expressed  by  sharp  seasonal  changes  in  the  char- 
acter of  the  flora.  It  is  the  high  temperature  of  the  summer  which  at  this  season  accotmts 
for  the  development  of  the  characteristic  summer  algal  flora  with  its  resemblance  to  the 
floras  of  southern  seas. 
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Chapter  D.— SOME  FACTORS  AFFECTING  THE  DISTRIBUTION  OF  ALOt  AT 

WOODS  HOLE  AND  VICINITY. 

1.  THE  COAST. 

The  shore  line  of  Woods  Hole,  of  the  Elizabeth  Islands,  and  of  neighboring  regions 
along  Vineyard  Sound  and  Buzzards  Bay  is  in  some  respects  remarkably  varied  (see 
chart  225),  but  lacks  certain  important  physical  features  present  in  other  localities. 
The  coast,  wherever  exposed  to  wave  action  or  tide  currents,  is  composed  of  bowlders 
and  stones  or  consists  of  sandy  and  stony  beaches.  This  is  because  the  bowlders  and 
stones  have  remained  at  the  shore  line  as  the  finer  material  of  the  glacial  deposits  covering 
this  region  was  washed  away  by  the  erosion  of  the  coast.  The  sheltered  coves,  bays, 
and  harbors  will  generally  have  a  sandy  or  muddy  shore,  sometimes  gravelly,  with  scat- 
tered groups  of  stones  or  bowlders.  There  are  also  small  salt  marshes  connected  with 
some  of  the  coves,  as  at  Quisset  and  Hadley  Harbor.  There  are  no  outcroppings  of 
rock,  except  in  the  vicinity  of  New  Bedford  Harbor,  to  make  possible  perpendicular 
or  slanting  ledges  and  rock  pools.  An  account  of  the  geography  of  the  region,  together 
with  the  character  of  the  shores,  is  given  in  section  i,  chapter  n,  pages  28  and  29. 

For  the  reasons  stated  above  one  misses  some  of  the  very  characteristic  associa- 
tions of  algae  which  may  be  noted  in  tide  pools  and  along  the  ^des  of  rock  masses  where 
there  is  opportunity  for  the  development  of  conspicuous  bands  or  zones  of  vegetation 
between  tide  marks  and  below — assodations  that  are  well  illustrated  in  such  localities 
as  Newport  and  at  Nahant,  near  Boston.  A  shore  of  bowlders  presents  a  broken  line 
at  the  water's  edge  which  can  not  show  to  full  advantage  the  distribution  of  algae  in 
zones.  There  are  good  illustrations  of  zonation  in  places,  but  they  are  on  a  comparatively 
small  scale  and  become  evident  only  as  groups  of  rocks  or  parts  of  the  shore  are  studied 
in  detail,  as  was  done  for  Spindle  Rocks  in  the  harbor  of  Woods  Hole,  to  be  described 
later  (pages  476-479).  Another  factor  that  works  against  the  conspicuous  zonation 
of  algae  in  this  region  is  the  relatively  small  tide,  which  does  not  give  much  opportunity 
for  the  development  of  broad  zones  of  differentiated  algal  growth. 

2.  THE  BOTTOM  DM  DEEPER  WATER. 

As  would  be  expected  in  an  area  of  glacial  drift,  the  bottom  offshore  and  in  the 
deeper  portions  of  Buzzards  Bay  and  Vineyard  Soimd  may  consist  of  sand,  gravel,  or 
stones,  with  or  without  deposits  of  mud,  but  is  frequently  of  ^a  more  or  less  mixed  or 
spotted  character.  Channels  swept  by  swift  tides  are  likely  to  be  stony  and  sandy, 
while  sheltered  coves,  bays,  or  other  regions,  free  from  the  scorning  action  of  tidal 
currents,  usually  have  a  muddy  bottom.  The  ledges  or  other  areas  composed  of  bowl- 
ders are  simply  piles  of  stones  heaped  together  where  they  were  laid  after  the  finer 
matrix  of  the  glacial  drift  had  been  washed  away.  The  muddy  bottoms  are  due  to 
deposits  of  silt  where  the  water  is  suflSdently  quiet  because  of  its  depth,  or  because  of 
the  absence  of  tidal  currents  or  wave  action  sufficiently  strong  to  prevent  the  accumu- 
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lation  and  settling  of  finer  material.  A  detailed  description  of  the  bottom  characters 
will  be  fomid  in  section  i,  chapter  n,  pages  29-33,  and  the  peculiarities  are  graphically 
presented  on  chart  227. 

The  luxuriance  and  to  a  large  extent  the  nature  of  the  algal  v^etation  depends 
upon  the  character  of  the  bottom.  Rocky,  stony,  and  shelly  bottoms  are  the  most 
favorable  for  the  attachment  of  algae  and,  in  general,  support  the  heaviest  growths  of 
marine  vegetation.  Sandy  and  muddy  bottoms  are  less  favorable  and  are  generally 
very  barren,  although  some  species  are  confined  to  such  situations.  It  is  clear  that 
the  shifting  nature  of  sand  and  mud,  frequently  stirred  by  tides  and  storms,  presents 
conditions  very  unfavorable  for  the  germination  of  algal  spores,  which  quickly  become 
covered  by  sediment.  Sandy  or  muddy  bottoms  are,  however,  apparently  necessary 
for  the  development  of  extensive  beds  of  the  eel  grass,  Zostera  marina. 

3.  THE  TIDES  AND  TIDAL  CURRENTS. 

As  stated  before,  the  tides  at  Woods  Hole  and  adjacent  portions  of  Buzzards  Bay 
and  Vineyard  Sound  are  of  relatively  slight  amplitude.  There  is  considerable  variaticHi 
at  different  points  in  the  Bay  and  Sound  and  in  the  harbor  of  Woods  Hole,  due  to  the 
peculiarities  of  the  tidal  cturents  in  the  region.  At  Woods  Hole,  on  the  Sotmd  side, 
and  in  Vineyard  Haven  the  average  tide  is  i  .7  feet,  at  Gay  Head  it  is  3  feet,  in  Buzzards 
Bay  at  Woods  Hole  4.1  feet.  With  such  small  tides  it  is  clear  that  the  strip  along  the 
shore  habitable  for  a  littoral  algal  flora — that  is,  a  flora  above  the  lowest  tide  mark — could 
not  be  very  broad.  It  is  generally  only  a  few  feet  wide,  and  one  notices  at  once  in  this 
region  that  the  receding  tide  fails  to  expose  broad  stretches  of  rock,  sand,  or  mud  in  the 
manner  characteristic  of  the  coast  north  of  Cape  Cod,  where  the  tides  are  much  greater. 

The  arrangement  of  the  land  that  bounds  Vineyard  and  NanttK±et  Sounds  is 
responsible  for  the  remarkable  tidal  currents  that  flow  east  and  west  in  Vineyard 
Sound,  and  in  and  out  of  Buzzards  Bay  through  the  channels  of  Woods  Hole,  Robin- 
sons Hole,  arid  Quicks  Hole.  These  tidal  currents  must  be  very  effective  in  distribut- 
ing algal  spores,  and  it  seems  probable  that  the  rapidity  with  which  algal  vegetation 
springs  up  after  each  change  of  season  (as  over  areas  scraped  dear  by  floating  ice) 
must  be  due,  at  least  in  large  measure,  to  the  tidal  currents.  It  is  certain  that  any 
alga  which  develops  large  crops  of  spores  has  by  such  means  the  opportunity  of  dis- 
tributing these  very  rapidly  throughout  practically  all  of  the  waters  of  this  region. 
This  factor  must  be  of  considerable  importance  in  seeming  the  almost  tmiversal  presence 
of  some  species  that  can  grow  under  a  wide  range  of  life  conditions,  as  well  as  the 
appearance  of  others  at  distantly  separated  stations. 

4.  THE  EFFECT  OF  ICE. 

The  upper  portions  of  Buzzards  Bay  are  at  times  during  the  winter  more  or  less 
completely  frozen  over,  and  small  harbors,  such  as  Little  Harbor  at  Woods  Hole,  may 
have  a  thick  covering  of  ice.  Sheltered  portions  of  the  coast,  wh::h  are  not  exposed 
to  siuf  or  stong  tidal  currents,  are  fringed  with  ice.  There  is  also  much  floating  ice  in 
the  Bay  and  Sound  consisting  of  large  cakes  which  come  from  the  breaking  up  of  larger 
masses.  This  floating  ice  is  swept  by  the  tides  back  and  forth  in  the  Bay  and  Sound 
and  through  such  channels  as  Woods  Hole. 


Digitized  by 


Google 


BIOLOGICAL  SURVEY  OP  WOODS  HOLE  AND  VICINlTy.  447 

The  movement  of  the  ice  along  the  shore  and  through  the  channels,  whether  due 
to  the  rise  and  fall  of  the  tide,  to  storms,  or  to  tidal  currents,  serves  to  scrape  bare  the 
large  stones  and  bowlders,  wherever  they  are  exposed,  so  that  they  are  frequently 
almost  or  entirely  free  from  algae  in  the  spring  when  the  ice  disappears.  These  effects 
are  particularly  evident  on  the  exposed  shore  line  of  the  upper  portion  of  Buzzards 
Bay  and  in  portions  of  Vineyard  Sound,  where  the  rocks  in  the  winter  are  not  only  bare 
of  algae,  but  also  at  times  free  from  the  common  barnacle  (Balanus  balanoides)  which 
covers  their  stuf  aces  in  the  smnmer.  This  action  of  the  ice  along  exposed  shores  and 
channels  thus  prevents  or  greatly  reduces  the  littoral  growth  during  the  winter,  when 
the  conditions  are  most  favorable  for  the  development  of  a  very  characteristic  fiora, 
with  species  of  the  rockweeds  (Fucaceae)  as  the  most  conspicuous  forms.  If  it  were 
not  for  these  facts  we  should  expect  in  the  winter  heavy  fringes  of  rockweeds  along  the 
shore,  for  these  grow  luxiuiantly  where  they  are  not  exposed  to  the  scraping  of  the  ice, 
as,  for  example,  along  the  shore  of  Cuttyhunk  and  elsewhere  in  the  lower  portion  of 
Buzzards  Bay  and  the  westerly  portion  of  Vineyard  Sound. 

The  scraping  effects  of  ice  on  a  particular  group  of  rocks  may  be  better  understood 
by  comparing  chart  267  of  Spindle  Rocks  with  chart  274  and  the  charts  that  show  the 
coming  in  of  the  spring  and  summer  fioras  after  the  ice  has  disappeared  (charts  268, 269, 
and  270).  Rocks  which  are-  perfectly  bare  after  the  winter  become  thickly  covered 
during  the  spring  and  summer  with  algae  characteristic  of  these  seasons. 

5.  DEPTH  OF  WATER, 

Buzzards  Bay  and  Vineyard  Sound  are  relatively  shallow  bodies  of  water.  As 
may  be  seen  from  chart  227,  at  only  a  few  stations  was  a  depth  greater  than  18  fathoms 
obtained.  There  were  a  number  of  stations  with  a  depth  between  14  and  17X  fathoms, 
but  by  far  the  larger  number  in  the  middle  regions  of  both  Bay  and  Sound  were  between 
8  and  14  fathoms.  The  Bay  in  general  gradually  deepens  toward  the  lower  portion, 
but  the  Sound,  on  the  contrary,  shows  no  marked  progressive  deepening  toward  the 
western  end. 

The  depth  at  which  algae  will  grow  is  determined  chiefly  by  the  penetrating  power 
of  light  and  consequently  varies  in  different  seas  according  to  the  relative  amount  of 
sunshine  during  the  year  and  the  clearness  of  the  water.  Rosenvinge  (1898,  p.  233) 
places  20  fathoms  as  about  the  limit  of  growth  for  algae  in  northern  seas  where,  how- 
ever, the  proportion  of  cloudy  and  foggy  days  is  very  large.  Bdrgesen  (1905,  p.  700) 
found  the  limit  of  growth  around  the  Faroes  to  be  between  25  and  30  fathoms.  In 
southern  seas,  where  there  is  a  very  large  proportion  of  suimy  days  and  more  direct 
penetration  of  the  sun's  rays,  as  in  the  Bay  of  Naples  and  off  the  Balearic  Islands  (Rod- 
riguez 1888)  in  the  Mediterranean,  deep-water  algae  have  been  reported  to  grow  at  50 
to  100  fathoms.  Most  of  the  species  at  these  great  depths  belong  to  the  Rhodophyceae, 
but  there  are  many  of  the  Phaeophyceae  in  water  deeper  than  50  fathoms,  and  several 
species  of  the  Chlorophyceae  are  found  at  20  to  60  fathoms. 

With  respect  to  the  amount  of  sunlight  during  the  year  Woods  Hole  probably  stands 
somewhat  midway  between  the  conditions  over  northern  seas  and  those  of  the  south. 
It  certainly  has  both  in  winter  and  summer  a  large  proportion  of  fair  and  sunny  days. 
Consequently  there  are  no  parts  of  either  Buzzards  Bay  or  Vineyard  Sound  included  in 
the  limits  of  the  survey  that  are  too  deep  for  certain  algae.    The  dredgings  of  the  Survey 
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at  the  deepest  stations  have  shown  abundant  growths  ol  algae  wherever  the  bottom  was 
suitable,  but  two  of  the  deq>est  stations  in  the  westerly  portion  of  Vine3rard  Sound  (7682 
and  7683,  19  and  ig}4  fathoms,  respectively)  were  over  a  sandy  bottom  unfavorable  for 
the  attachment  of  algae.  Station  7670  (19  fathoms),  in  Buzzards  Bay  west  ol  the  island 
of  Penikese,  showed  a  stony  bottom  with  many  plants  of  Laminaria  Agardhii  var.  viiialat 
and  in  small  quantity  Champia  panmla,  Ckondrus  crispus,  Cerandum  rubrum,  GrimteUia 
americana,  Polysiphonia  urceotaia,  and  Rkodymenia  palmaia. 

6.UGHT. 

As  stated  above,  the  depth  to  which  certain  algae  may  descend  depends  upon  the 
penetration  of  light.  The  factor  that  determines  the  lowest  limits  of  algal  Ufe  is  not 
depth  of  water  but  absence  of  light. 

The  Cyanophycese,  or  blue  green  algae,  and  the  Chlorophyceae,  or  green  algae, 
require  the  greatest  illumination  and  are  rarely,  if  ever,  found  at  Woods  Hole  and  vidmty 
in  water  more  than  2  or  3  fathoms  deep,  but  are  for  the  most  part  near  the  surface  or 
between  tide  marks.  The  Rhodophyceae,  or  red  algae,  reach  the  lowest  depths,  although 
many  species  grow  near  low-water  mark  and  some  even  above  it.  The  Phxophyceae, 
or  brown  algae,  are  somewhat  midway  between  the  green  and  the  red  algae  in  their  light 
relations.  Some  species  of  the  brown  algae  grow  at  low-water  mark  and  above,  bat 
many  grow  below  low  water  and  to  a  considerable  depth;  few,  however,  are  found  at 
the  greater  depths  of  the  red  algae.  There  are  apparently  no  r^ons  in  Buzzards  Bay 
and  \^eyard  Sound  too  deep  for  certain  species  of  brown  aigae,  for  Desmaresiia  acvleata, 
Laminaria  Agardhii,  and  Laminaria  Agardhii  var.  viUata  were  found  between  17  and 
19  fathoms.  The  list  of  red  algae  present  at  these  depths  (17  to  19  fathoms)  is,  bow- 
ever,  much  longer:  Champia  parvula,  Chondrus  crispus,  Cystodonium  purpurascens  var. 
cirrhorum,  Delesseria  sinuosa,  Grinnellia  americana,  Phyllophora  Brodicei,  PhyUophora 
membranifolia,  Plumaria  elegans,  Polysiphonia  elongaia,  Polysiphonia  urceolata,  Rhody- 
,  menia  palmaia,  Spermothamnion  Tumeri. 

There  is  therefore  in  a  broad  sense  a  distribution  of  algae  in  zones  depending  upon 
light  relations,  the  blue-green  and  green  algae  growing  under  the  brightest  illumination, 
the  brown  algae  requiring  on  the  whole  less  light,  and  the  red  algae  able  to  flourish  under 
the  weakest  illumination.  It  must  constantly  be  borne  in  mind,  however,  that  there  is 
always  an  overlapping  in  the  habitat  of  species  among  these  groups,  many  brown  and  red 
^g8c  growing  side  by  side  and  even  with  the  green  algae  under  very  bright  illumination. 

It  is  a  matter  of  dispute  whether  the  life  habits  of  marine  algae  with  respect  to  illu- 
mination are  influenced  chiefly  by  the  quality  of  the  light  or  by  the  quantity.  The  red 
rays  of  sunlight,  it  is  claimed,  can  not  penetrate  much  below  7  fathoms,  and  the  light 
at  greater  depths  is  mainly  composed  of  blue  and  green  rays,  is  feeble  in  yellow,  and 
lacks  red  rays  entirely.  Certain  investigators,  notably  Engelmann  (1883,  1884)  and 
Gaidukov  (1902,  1904,  1906),  hol^  that  the  quality  of  the  light  rather  than  its  intensity 
determines  the  distribution  of  the  green,  brown,  and  red  algae.  According  to  this  view 
the  green  algae  grow  under  bright  illumination  because  they  require  the  maximum  ol 
red  ra)^,  while  the  red  algae  are  able  to  live  in  deep  water  because  their  color  allows 
them  to  absorb  the  green  rays  which  they  espedally  need.  The  brown  algae  in 
general  adjust  themselves  to  light  conditions  intermediate  between  these  extremes.  It 
is  well  known  that  a  number  of  the  Rhodophyceae  which  grow  near  the  surface  ol  the 
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water  are  colored,  not  the  characteristic  red  of  this  group,  but  shades  of  brown  and 
green;  for  example,  the  Irish  moss,  Chondrus  crtspus,  is  frequently  green  under  bright 
illumination  in  the  summer  at  Woods  Hole.  Furthermore,  Nadson  (1900)  has  shown 
that  certain  species  of  the  Cyanophyceae  and  Chlorophyceae,  which  are  green  near  the 
surface,  take  on  reddish  colors  in  deep  water. 

These  conclusions  that  the  colors  of  algae  depend  upon  the  quality  of  the  light  are 
opposed  to  views  held  by  Berthold  (1882),  Oltmanns  (1892),  and  others  who  have  con- 
sidered the  Rhodophyceae  to  be  merely  shade  plants,  the  distribution  of  which  was  deter- 
mined by  the  quantity  of  light.  They  have  made  much  of  the  fact  that  in  dimly  lighted 
caves  and  shaded  situations  red  algae,  which  usually  grow  at  some  depth,  are  found  very 
near  the  siuface;  but  it  should  be  borne  in  mind,  as  Bdrgesen  (1905,  pp.  702,  703)  points 
out,  that  while  these  algae  receive  a  much  weaker  white  light  in  these  caves,  they  may 
have  the  benefit  of  much  blue  and  green  reflected  light. 

Gaidukov  (1902, 1906),  in  a  series  of  interesting  experiments,  has  shown  that  certain 
algae  (species  of  Oscillatoria,  Phormidium,  and  Porphyra)  take  on  complementary  colors 
when  subjected  to  pure  rays  from  a  spectrum,  becoming,  for  example,  green  under  red 
and  yellow  light  and  red  or  purplish  under  green  or  blue  light.  This  phenomenon,  called 
complementary  chromatic  adaptation,  is  shown  only  by  living  plants  and  is  believed  to 
involve  changes  in  the  structure  of  the  pigments.  The  reason  why  green  algae  can  not 
live  in  deep  water  is  clear,  since  the  red  rays  upon  which  they  depend  are  not  there 
present.  The  red  algse,  on  the  contrary,  may  live  at  the  surface  as  well  as  at  depths 
below  the  penetration  of  red  rays,  but  at  the  surface  they  meet  the  competition  with 
green  algae  from  which  they  are  free  in  deep  water. 

However,  it  can  not  be  said  that  all  of  the  phenomena  are  clearly  explained  by  the 
h3rpothesis  of  chromatic  adaptation  held  by  Engdmann  and  Gaidukov.  Thus,  Rodriguez 
(1888)  reports  the  following  Chlorophyceae  off  the  Balearic  Islands  at  much  greater  depths 
than  would  be  expected  for  any  of  the  green  algae:  Palmophyllum  orbicularis  Thiu^t, 
130  meters;  Cladophora  pellucida  Kdtzing,  40  meters;  Codium  tomentosum  Agardh,  48 
meters;  C.  tomentosum vb.t.  elongatum,  90  to  100 meters;  Udotea  Desfontainii Decaisne,  120 
meters;  and  somewhat  similar  records  are  known  for  certain  of  the  Chlorophyceae  in  the 
Gulf  of  Naples. 

7.  TEMPERATURE  AND  SEASONAL  CHANGES. 

The  temperature  of  the  water,  the  depth,  and  the  character  of  the  bottom  are  the 
chief  factors  in  determining  the  distribution  of  the  algae  in  the  region  covered  by  the 
survey.  The  influence  of  temperature  must  be  of  fundamental  importance  where  the 
seasonal  extremes  are  as  great  as  those  of  the  summer  and  winter  at  Woods  Hole.  The 
conditions  in  the  winter,  would  admit  a  rich  northern  or  boreal  algal  flora  at  Woods 
Hole  were  it  possible  for  the  species  to  reach  this  sheltered  situation  by  traveling  arotmd 
Cape  Cod  and  to  survive  the  warm  summer.  As  it  is,  a  number  of  northern  species  do 
grow  at  Woods  Hole  in  the  favorable  winter  and  spring  seasons  and  some  are  able  to 
vegetate  through  the  summer.  In  striking  contrast  with  the  winter's  cold  is  the  summer 
temperature,  which  is  so  high  that  it  can  support  a  flora  with  many  points  of  resem- 
blance to  the  floras  of  warmer  seas.  The  subject  of  temperature  receives  considerable 
attention  in  section  i,  chapter  11,  pages  38-52,  where  the  detailed  records  of  the  Survey 
16269**— Bull.  3I'  pt  I— 13 29 
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are  presented  in  a  series  of  tables,  and  Ukcwise  on  charts  211  to  214,  giving  the 
location  of  the  stations. 

The  average  monthly  temperature  erf  the  water  off  the  Government  wharf  in  Great 
Harbor,  Woods  Hole,  for  the  years  1 902-1 906  (five  years)  is  given  in  table  10,  page 
47,  and  the  seasonal  changes  are  portrayed  graphically  in  chart  219.  It  win  be  seen 
that  during  January,  February,  and  March  the  mean  temperature  was  below  35°  F. 
The  period  when  the  temperature  was  below  35^  actually  extended  from  about 
December  25  to  March  15,  and  this  may  be  considered  the  winter  season.  After  March 
15  the  temperattu^  rose  rapidly,  passing  60^  about  June  i ;  this  constitutes  a  spnng 
season.  Between  June  i  and  Octdiier  12  the  temperattue  remained  above  60^,  hoMing 
between  69^  and  71^  from  July  1 1  to  August  28,  a  period  erf  48  days;  this  is  the  long 
summer  season  of  warm  water.  After  October  1 2  the  temperature  fell  rapidly  from  60^, 
until  December  1 1 ,  when  it  reached  37^,  and  it  remained  between  37^  and  35^  until 
December  26,  when  it  passed  below  35^;  this  period  may  be  considered  the  auttmm 
season.  A  table  of  averages  such  as  that  of  table  10  does  not  give  the  extremes  of 
temperature,  the  lowest  of  which  was  28^^  in  January  and  February,  and  the  highest 
74^  in  July  and  74.5^  in  August.  It  should  also  be  remembered  that  the  extremes  are 
much  greater  in  situations  more  sheltered  than  Great  Harbor,  Woods  Hole,  as,  for 
example,  in  the  upper  portions  of  Buzzards  Bay,  where  the  water  may  be  heavily  frozen 
for  several  weeks  and  the  summer  temperature  probably  rises  doee  to  80^. 

It  is  very  important  to  contrast  the  seaacmal  nmge  erf  temperature  at  Woods  Hole 
with  that  of  the  bottom  water  between  Gay  Head  and  the  ledges  of  Sow  and  Pigs,  for 
in  this  region  of  the  survey  the  nmge  of  temperature  is  the  least.  On  August  16,  1907, 
the  bottom  temperature  off  Gay  Head  was  57.2^  P.  (16K  fathoms)  and  59.2^  (11^ 
fathoms),  off  Sow  and  Pigs  60.1^  (io>^  fathoms),  and  in  Vineyard  Sound  between  these 
two  points  55^  (17K fathoms);  the  surface  temperature  at  these  stations  was  from3^to 
5^  higher.  On  November  12,  1907,  the  bottom  temperature  off  Gay  Head  was  51.9® 
(loX  fathoms),  off  Sow  and  Pigs  also  51 .9^  (8  fathoms),  and  in  Vuieya^  Sound  between 
these  points  52^  (18  fathoms);  the  surface  temperature  at  these  points  was  about  i® 
lower.  On  March  20, 1908,  the  bottom  temperature  off  Gay  Head  was  36.6®  (8  fathoms), 
off  Sow  and  Pigs  36.6^  (5  fathoms),  and  in  Vineyard  Sound  between  these  two  pdnts 
37.4"^  (18  fathoms) ;  the  surface  temperatures  being  almost  the  same.  On  June  6, 1908, 
the  bottom  temperature  off  Gay  Head  was  57.6®  (i2>^  fathoms),  off  Sow  and  Pigs  55.1® 
(7X  fathoms),  and  on  June  5  in  Vineyard  Sound  between  these  two  pcmits  53.3®  (i3 
fathoms) ;  the  surface  temperature  at  these  points  was  then  from  i  ^  to  3^  higher.  These 
data  are  presented  in  tabular  form  below,  the  surface  temperature  being  given  above 
the  line  and  the  bottom  temperature  below. 
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These  records  of  the  bottom  temperature  between  Gay  Head  and  the  ledges  of  Sow 
and  Pigs  indicate  that  the  average  range  is  from  below  35°  in  the  winter  to  about  60° 
in  the  summer.  The  bottom  temperatture  probably  does  not  fall  to  the  lowest  winter 
temperature  of  the  sheltered  waters  of  the  Bay  and  Sound  and  does  not  rise  to  within 
15°  of  the  highest  summer  temperatures  in  such  situations;  the  total  range  is  close  to 
26®.  The  surface  temperature  between  Gay  Head  and  the  ledges  of  Sow  and  Pigs  is  at 
times  in  the  summer  4®  to  5*^  higher  than  the  bottom  temperature,  and  in  the  winter 
probably  some^at  lower;  the  total  range  is  dose  to  32**.  The  seasonal  range  in  Great 
Harbor,  Woods  Hole,  is  about  46*^,  and  it  must  be  more  than  50®  in  the  upper  portions 
of  Buzzards  Bay. 

The  causes  of  these  very  different  conditions  are  not  diflScult  to  imderstand.  The 
great  range  of  temperature  in  the  sheltered  waters  of  the  Bay  and  Sotmd  is  simply  the 
result  of  summer  and  winter  atmospheric  temperatures  acting  on  bodies  of  water  suflS- 
dently  shallow  to  respond  very  quickly  to  thdr  infiuences.  Tables  9  and  10  (pp.  46- 
47),  ^ving  the  average  monthly  range  of  the  temperatures  of  both  air  and  water  at 
Woods  Hole  over  a  five-year  period,  make  dear  the  rdationship,  also  shown  on  chart 
219.  The  small  range  of  the  temperature  of  the  bottom  water  between  Gay  Head  and 
the  Sow  and  Pigs,  together  with  the  greater  range  of  the  surface  water,  shows  the  effect 
of  proximity  to  the  deeper  cold  water  of  the  open  sea,  water  which,  as  stated  before, 
appears  to  be  an  extension  of  the  cold  bdt  north  of  Cape  Cod. 

It  is  dear  from  the  above  statements  of  the  seasonal  ranges  of  temperature  in  the 
two  extremes  of  the  conditions  presented  within  the  limits  of  the  Survey  (first,  the 
bottom  temperatures  off  Gay  Head  and  Sow  and  Pigs;  second,  the  temperattues  of  shd- 
tered  waters  of  the  Bay  and  Sound)  that  several  very  different  types  of  floras  would  be 
expected,  and  this  is  the  case.  The  uniformly  cool  bottom  water  of  Gay  Head  and  the  Sow 
and  Pigs  (generally  below  60^)  admits  of  the  devdopment  of  a  fiora  with  a  number  of 
spedes  characteristic  of  northern  waters.  This  flora  is  restricted  to  the  lower  portion  of 
Buzzards  Bay  and  the  westerly  portion  of  Vineyard  Sound  and  is  distinguished  by  the 
presence  of  the  following  spedes  which  are  never  found  (at  least  during  the  summer) 
in  the  more  shdtered  regions  of  the  Bay  and  Sound :  Chaiomorpha  melagonuim,  Lami- 
naria  digiiaia,  Plumaria  elegans,  Rhodamela  svbfusca,  Aciinococcus  pelUBJormis,  Gym- 
nogongrus  norvegicus,  Euthora  cristala,  Lomentaria  rosea,  Rhodymenia  palmaia,  Deles- 
seria  sinuosa.  It  would  be  very  interesting  to  know  whether  other  northerly  spedes 
may  not  be  present  during  the  winter  and  spring  and  whether  this  cold-water  flora 
extends  its  range  during  the  winter  into  more  shdtered  portions  of  the  Bay  and  Sotmd, 
but  we  have  made  no  dredgings  for  algae  off  Gay  Head  in  the  winter  and  know  nothing 
of  the  deep-water  flora  of  that  season. 

The  seasonal  extremes  in  the  shdtered  portions  of  Buzzards  Bay  and  Vineyard 
Sound,  as  would  be  expected,  give  at  least  two  distinct  seasonal  floras,  (i)  that  of  the 
winter  and  early  spring,  and  (2)  that  of  midsummer  and  the  early  auttunn.  Some  spedes 
are  found  all  the  year  round,  but  they  are  generally  much  more  luxuriant  at  one  season 
than  at  the  other.  Many  of  the  spedes  are  limited  to  a  season  of  perhaps  two  or  three 
months  and  are  never  found  at  other  times.  It  is  not  at  present  possible  to  discuss  sat- 
isfactorily the  seasonal  habits  of  the  algae  at  Woods  Hole,  for  they  have  been  very  little 
studied  during  the  winter,  but  such  data  as  are  known  are  induded  in  the  Catalogue. 
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The  study  of  Spindle  Rocks  (pages  476-479)  has  shown  in  a  rather  surprising  way  the 
d^ree  of  change  which  takes  place  on  a  small  mass  of  rocks  over  a  12-month  period. 

The  northerly  species  which  would  be  most  likely  to  invade  the  Bay  and  Sound  dur- 
ing the  favorable  winter  season  would  be  forms  that  reproduce  nq>idly  through  large 
crops  of  spores  and  mature  so  quickly  that  several  generations  may  develop  during  the 
season.  The  tidal  currents  of  the  region  would  serve  to  distribute  such  species  very 
widely,  even  though  the  favorable  season  might  be  short. 

8.  SALINITY  OF  THE  WATER. 

There  are  no  fresh-water  streams  of  importance  in  the  immediate  vicinity  of  Woods 
Hole  to  affect  markedly  the  salinity  of  its  waters,  which  are  not  much  less  dense  than 
the  open  sea,  having  an  average  density  of  about  i  .024  (the  density  of  water  in  the  north 
Atlantic  being  from  1.027  to  1.028).  In  the  westerly  portion  of  Vineyard  Sound  and 
lower  portion  of  Buzzards  Bay  the  density  is  somewhat  greater,  having  been  found  at 
one  point  as  high  as  1.0243  (November,  1907).  In  the  extreme  upper  portion  of  Buz- 
zards Bay  the  density  is  conaderably  less  than  at  Woods  Hole,  having  been  recorded 
as  low  as  1.02 12  (March,  1908).  Details  of  the  observations  on  density  made  by  the 
survey  are  presented  in  section  i,  chapter  11,  pages  52-54. 

The  lower  density  of  the  upper  portion  of  Buzzards  Bay  is  evidently  due  to  the 
proximity  of  a  number  of  small  streams  that  empty  into  the  head  of  the  Bay,  but  these 
are  too  far  removed  from  Woods  Hole  to  influence  materially  the  salinity  of  the  water 
at  that  point.  The  swift  tidal  currents  of  Vineyard  Sound  keep  its  waters  fairiy  uniform 
in  density.  It  is  not  probable  that  density  is  a  factor  of  importance  in  determining  the 
distribution  of  algse  in  the  deeper  watess  of  the  Bay  and  Sound,  and  it  certainly  is  not 
to  be  compared  with  the  two  chief  factors  of  temperature  and  the  character  of  the  bottom. 

The  only  bodies  of  brackish  water  in  the  immediate  vicinity  of  Woods  Hole  are 
those  of  small  ponds  or  areas  of  salt  marsh  which  are  connected  with  the  sea  by  channels 
and  rendered  saline  in  various  d^rees  by  the  inflow  of  tides  or  during  storms.  Sudi 
brackish  waters  support  characteristic  floras  totally  unlike  those  of  the  Bay  and  Sound 
proper,  well  illustrated  by  the  Lyngbya  salt-marsh  association  and  the  Enteromarpka 
salt-marsh  association  (see  page  456). 
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Chapter  III.    CHARACTERISTIC  ALGAL  ASSOCIATIONS  AND  FORMATIONS  AT 
WOODS  HOLE  AND  IN  BUZZARDS  BAY  AND  VINEYARD  SOUND. 

As  stated  in  the  preceding  pages,  the  life  habits  and  distribution  of  marine  algse 
are  affected  by  a  number  of  factors,  the  most  important  of  which  are  temperature, 
light,  depth,  character  of  the  bottom,  and  salinity  of  the  water.  Some  or  all  of  these 
factors,  and  in  special  cafises  others  as  well,  determine,  as  a  rule,  the  habitats  and  sea- 
sons of  the  different  species.  As  a  result,  various  algae  are  frequently  found  to  be 
characteristic  of  particular  situations,  where  they  constitute  groups  or  formations 
of  species. 

J.  G.  Agardh  (1836)  was  the  first  to  describe  r^ons  of  algal  vegetation,  recog- 
nizing on  the  Scandinavian  coasts  the  presence  of  a 'zone  characterized  by  green  algae 
(Regnum  Algarum  Zoospermarum),  a  zone  of  brown  algae  (Regnum  Algarum  Oliva- 
cearum),  and  a  zone  of  red  algae  (Regnum  Algarum  Floridearum),  Other  authors  have 
attempted  similar,  but  more  elaborate,  divisions  of  the  algal  flora  into  regions  and 
zones,  but  none  have  been  very  satisfactory  for  the  reason  that  the  brown  and  red 
algae  have  species  which  range  far  outside  the  depth  or  zone  which  is  in  general  most 
characteristic  of  their  dass. 

It  later  became  apparent  that  the  algae  must  be  split  into  smaller  assemblages 
than  the  zones  of  green,  brown,  and  red  algae,  and  Kjellman  (1877  and  1878),  also  in 
studies  on  the  Scandinavian  coast,  developed  such  a  classification  in  detail,  appl3ring 
the  name  ''formation"  to  each  group  and  usually  naming  each  formation  after  the  alga 
most  characteristic  of  it.  Kjellman's  paper  of  1878,  **Ueber  Algenregionen  und 
Algenformationen  im  ostHchen  Skager  Rack,"  stands,  as  far  as  the  author  is  aware, 
as  the  first  algological  contribution  introducing  the  methods  and  terminology  of 
ecology  as  at  present  practiced.  Later  authors  have  followed  the  methods  of  Kjell- 
man to  a  greater  or  less  d^ree,  and  an^ong  them  one  of  the  most  elaborate  studies 
has  been  that  of  B5rgesen  (1905),  "The  Algae  Vegetation  of  the  Faerdese  Coasts." 
The  reader  will  find  in  these  two  papers  of  Kjellman  and  Borgesen  historical  treat- 
ments of  the  literature,  which  need  not  be  repeated  here,  especially  since  they  deal 
with  conditions  in  northern  waters,  which  are  very  different  from  those  at  Woods 
Hole. 

Kjellman  (1877)  employed  the  terms  "littoral,"*  "sublittoral,"  and  "dittoral"  to 
define  three  regions  of  distribution,  and  these  terms  are  in  wide  use  among  botanists 
and,  with  certain  modifications  of  his  definitions,  they  have  replaced  earlier  expres- 
sions designating  r^ons  occupied  by  the  green,  the  brown,  and  the  red  algae.  Kjell- 
man defined  the  littoral  r^on  as  that  between  lowest  and  highest  tide  marks,  the 
sublittoral  region  as  that  from  the  lowest  tide  mark  to  the  furthest  depth  at  which 
algae  will  grow  (about  20  fathoms  on  the  Scandinayian  coast),  and  the  elittoral  region 
as  that  bottom  below  the  sublittoral. 

•  Cf.  ditcoasion  on  pages  17^-180,  aectioo  i,  of  pretent  report. 
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Kjellman's  limitation  of  the  littoral  region  has  not  proved  altogether  satisfactory, 
since  many  marine  algae  range  far  above  the  highest  tide  mark,  especially  along  coasts 
wet  by  the  spray  from  heavy  surf,  and  other  species  are  able  to  live  in  water  that  is 
brackish  or,  indeed,  actually  fresh.  Rosenvinge  (1898,  p.  189)  pointed  out  that  the 
upper  boundary  of  the  littoral  r^;ion  should  be  considered  as  that  level  at  which 
marine  algal  v^etation  begins,  and  B6rgesen  (1905,  p.  709)  agrees  with  this  view. 
The  littoral  region  can  then  best  be  defined  as  the  zone  extending  from  low-water  maik 
to  the  highest  point  where  marine  algae  cease  to  grow.  As  a  matter  of  fact,  however, 
in  sheltered  waters  the  upper  limit  win  generally  cmndde  closely  with  high-tide  mark. 

The  line  between  the  littoral  and  sublittoral  regions  is  not  always  eaaly  deter- 
mined, for  conditions  vary  in  different  localities.  It  is  not  safe  to  limit  arbitrarily  the 
upper  boundary  of  the  sublittoral  to  the  lowest  water  or  neap  tide  mark,  for  many 
species  characteristic  of  the  sublittoral  will  grow  a  little  above  such  a  line.  Rosen- 
vinge and  Bdrgesen  agree  in  placing  the  boundary  between  the  littoral  and  subfittonl 
somewhat  above  the  lowest  tide  mark.  It  is  probably  very  near  to  the  average  low- 
water  level. 

The  lower  limit  of  the  sublittoral  region  varies  greatly  in  its  depth  from  the  sur- 
face and  can  not  be  defined  with  exactness.  It  merely  marks  the  gradual  diminutioii 
of  vegetation  until  a  bottom  b  reached  that  is  devoid  of  plant  life.  There  is  no  sharp 
line  showing  the  lower  boundary  of  the  sublittoral,  sudi  as  defines  its  upper  limit  at 
low-water  mark.  Consequently  there  is  no  Hne  marking  the  upper  limit  at  an  elittond 
r^on  or  depth  from  which  plant  life  is  absent.  Indeed,  to  speak  of  an  eHttoral  r^;ion 
is  to  use  a  negative  expression,  and  the  term  is  not  important  in  descriptive  studies  00 
the  distribution  of  algae. 

The  line  of  greatest  significance  in  determining  regions  of  marine  vegetation  is 
that  between  the  littoral  and  sublittoral,  near  the  level  of  average  low  water.  Above 
and  below  this  boundary  the  life  conditions  differ  more  than  at  any  other  point  between 
the  upper  and  lower  limits  of  marine  algal  life.  Exposure  to  the  air,  to  rain,  and  to 
the  heat  and  drying  influence  ci  untempered  sunlight  introduce  very  important  foe- 
tors  in  the  littoral  region  which  are  not  present  in  the  sublittoral  and  make  this  line 
of  separation  a  most  significant  one.  For  these  reasons  the  littoral  and  sublittoral 
regions  are  natural  divisions,  and  further  subdivisions  are  of  far  less  import  and,  indeed, 
can  hardly  be  made  under  ordinary  conditions,  although  some  authors  have  attempted 
to  define  a  supralittoral  region  above  the  littoral. 

Certain  c4  the  C3ranophyceae  and  Chlorophyceae  and  a  few  of  the  Phaeophyceae  and 
Rhodophyceae  are  most  commonly  found  only  in  the  upper  r^on  of  the  sublittcMal 
either  just  below  the  lowest  tide  mark  or  in  shallow  water.  For  these  a  separate  zone 
might  be  distinguished;  but  there  are  so  many  species  of  the  Phaeophyceae  and  Rho- 
dophyceae  which  are  present  in  both  shallow  and  deep  water  that  the  limits  of  sach 
a  zone,  at  least  in  the  Woods  Hole  region,  is  not  easily  determined,  since  there  is  a 
very  complex  overlapping  of  species.  For  these  reasons  we  have  not  attempted  to 
separate  and  designate  regions  of  the  sublittoral  further  than  to  qualify  the  term  with 
the  words  "upper"  or  "lower"  in  certain  instances  where  species  are  very  clearly 
restricted  in  their  habits. 

When  the  algae  of  the  littoral  and  sublittoral  r^ons  are  studied  closely,  certain 
groups  of  species  will  be  found  in  more  or  less  close  companionship,  with  definite  rela- 
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tions  to  such  factors  as  proximity  to  low-water  mark,  temperature,  exposure  to  air  or 
to  sunlight,  sheltered  and  shaded  stations,  salinity  of  water,  character  of  attachment, 
etc.  These  groups  of  species  may  cover  large  areas  and  even  form  broad  zones  of 
v^etation  so  clearly  defined  and  conspicuous  as  to  deserve  the  name  of  formations; 
but  the  v^etation  more  often  consists  of  small  and  scattered  groups  the  limits  of  which 
are  generally  more  easily  recognized  and  in  which  a  single  species  very  greatly  predomi- 
nates. These  smaller  units,  usually  recognized  by  the  preponderance  of  a  single  spe- 
cies, are  called  by  B6rgesen  (1905,  p.  707)  associations,  and  we  shall  employ  that  term 
in  the  brief  account  that  follows. 

The  r^ons  included  in  the  limits  of  the  Survey  do  not,  on  the  whole,  afford  mate- 
rial for  a  very  satisfactory  study  of  algal  associations  and  formations.  There  is  noth- 
ing that  compares  with  the  picturesque  zonation  of  algae  above  and  below  low-water 
mark,  as  illustrated  in  many  localities  north  of  Cape  Cod,  and  such  as  have  been  so  thor- 
oughly studied  by  Kjellman,  Rosenvinge,  and  others  along  the  Scandinavian  coasts 
and  in  Greenland,  and  by  B6rgesen  for  the  Faroes.  The  chief  reasons  for  the  compar- 
atively undeveloped  character  ci  the  formations  and  associations  at  Woods  Hole  and 
vicinity  are  four  in  number:  (i)  The  small  tides  give  a  relatively  narrow  strip  of  coast 
fine,  generally  only  a  few  feet  wide,  available  for  the  development  of  a  Uttoral  flora; 
(2)  a  shore  line  of  bowlders,  frequently  broken  by  sandy  or  gravelly  beaches,  presents 
no  smooth  perpendicular  or  slanting  surfaces  where  the  attachment  afforded  to  algae 
is  uniform  in  character;  (3)  the  absence  of  a  marked  boreal  flora,  except  for  the  rela- 
tively few  representatives  that  are  present  chiefly  in  the  winter  and  early  spring,  deprives 
the  region  of  a  number  of  species  of  Monostroma,  Alaria,  Dictyosiphon,  Fucus,  Laminaria, 
Sacchoriza,  GigarHna,  and  Halosaccion,  which  are  conspicuous  north  of  Cape  Cod;  and 
(4)  the  scraping  of  the  ice  along  the  more  sheltered  shores  effectually  prevents  the 
development  of  a  Uttoral  flora  in  the  winter  season,  which  is  the  most  favorable  for 
the  growth  of  green  and  brown  fittoral  species. 

One  has  only  to  look  at  the  remarkable  plates  of  Bdrgesen  (1905)  illustrating  the 
Uttoral  algal  associations  and  formations  along  the  coasts  of  the  Faroes  to  realize  how 
poorly  developed  is  the  Uttoral  flora  at  Woods  Hole.  There  are  also  no  rock  pools  or 
caverns  harboring  the  striking  assemblages  of  algae  characteristic  of  such  situations. 
On  the  other  hand,  certain  peculiarities  of  bottom,  tidal  channels,  shaUow  harbors,  and 
coves  give  conditions  and  resulting  floras  that  are  not  present  in  many  northern  seas. 

The  arrangement  of  the  associations  f oUows  in  general  the  order  of  the  Catalogue, 
where  will  be  found  the  records  upon  which  these  bridF  accounts  are  based.  The  number 
of  species  discussed  or  listed  is  far  short  of  the  total  list  given  in  the  Catalogue;  they  are 
meiely  those  sufficiently  conspicuous  to  be  worthy  of  attention  in  a  treatment  of  algal 
associations. 

For  descriptive  purposes  Buzzards  Bay  has  been  regarded  in  this  section  of  the 
report  as  being  divided  into  an  upper  and  lower  portion  by  a  Une  drawn  from  the  west 
end  of  Naushon  (Robinsons  Hole)  to  Round  HiU  Point.  \^eyard  Sound  has  been 
divided  into  three  regions,  (a)  the  westerly  portion  from  the  entrance  at  Gay  Head  to  a 
Une  drawn  from  the  west  end  of  Naushon  (Robinsons  Hole)  to  Kopeecon  Point,  (b) 
the  narrow  portion  from  this  Une  to  one  between  Nobska  Point  and  West  Chop,  and 
(c)  the  easterly  portion  from  the  latter  Une  to  one  drawn  between  Falmouth  Heights 
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and  East  Chop.*  The  lower  portion  of  the  Bay  and  the  westerly  portion  of  the  Sound 
have  in  the  summer  a  flora,  here  termed  the  cool-water  sublittoral  formation,  with  a 
number  of  striking  peculiarities,  while  the  more  sheltered  regions  have  in  the  summer 
a  strictly  warm-water  sublittoral  formation. 

Only  the  most  striking  of  the  algal  associations  and  formations  will  be  described, 
for  this  is  a  subject  which  might  be  followed  into  such  detail  that  the  broad  and  striking 
peculiarities  would  be  lost  among  the  minor  features.  Idoreover,  for  the  reasons  given 
above,  the  physiographical  features  and  other  conditions  of  Woods  Hole  do  not  lend 
themselves  to  the  development  of  picturesque  algal  associations. 

ALGAL  ASSOCIATIONS. 

(l)   THB  LYNGBYA   SALT-MARSH   ASSOCIATION. 

The  bottom  and  sides  of  shallow  bodies  of  water  in  salt  marshes,  and  other  braddsh 
ditches  and  pools,  are  frequently  covered  by  felted  growths,  which  are  largely  composed 
of  Lyngbya,  most  commonly  the  species  L.  asUtarU  and  L.  semiplena.  Mixed  with  the 
Lyngbyas  may  be  found  Chroococcus  turgidus^  Microcoleus  chikonopldsks,  MicrocoUus 
lenerrimuSf  Spindina  svbsalsa,  AnalxBna  iorulosa,  Nodularia  Harveyana,  and  other  forms. 

This  is  a  very  characteristic  association  of  blue-green  algae  frequently  forming 
extensive  growths  in  the  summer  months  in  the  salt  marshes  and  brackish  pools  of 
Quisset,  Penzance,  and  Hadley  Harbor. 

(2)   THB  BNTBROMORPHA  SALT-MARSH  ASSOCIATION. 

Braddsh  pools  in  salt  marshes  and  other  situations  frequently  contain  extensive 
floating  or  loosely  attached  growths,  which  are  chiefly  spedes  of  Enieromorpha,  the 
commonest  spedes  being  £.  daihraUi^  E.  criniia,  E.  percursa,  and  £.  prolifera.  Clado- 
phora  expansa  is  found  under  similar  conditions,  frequently  mixed  with  the  Entero- 
morphas. 

This  association  of  green  algae  forms  surface  growths  in  situations  where  the  Lyngbya 
association  is  likdy  to  be  found  over  the  bottom.  It  is  frequently  conspicuous  during 
the  summer  months  in  brackish  pools  of  Quisset,  Penzance,  and  Hadley  Harbor. 

(3)  THB  CALOTHRIX   ASSOCIATION. 

Of  the  four  spedes  of  Caloihrix  which  may  be  found  on  stones  and  woodwork 
between  tide  marks,  C.  pulvinaia  is  the  most  conspicuous,  devdoping  thick  patches 
resembling  honeycomb  on  the  woodwork  of  wharves  (wharf  of  U.  S.  Bureau  of  Fisheries). 
Calothrix  scopulorum,  also  conspicuous,  grows  on  rocks  near  high-water  marie  or  above, 
occasionally  in  company  with  Codidum  gregarium,  forming  large  indefinite  patches;  it 
also  grows  on  piles. 

(4)  THB  RTVULARIA   ASSOCIATIONS. 

Rivularia  niMda  is  found  in  salt  marshes  (as  at  Quisset)  forming  thick  growths  over 
mud  and  roots  of  SparHna  well  above  low-water  mark.  RimUana  cOra  is  occasionally 
plentiful  on  rocks  and  barnacles  near  high-water  mark. 

•  Geographically  this  regioii  mifht  be  considered  u  «  portion  ol  Nnttodcet  Sound  If  one  were  digposed  to  dimw  sa 
•ifaitfafy  line  between  Vineyard  Sound  and  that  body  ol  water. 
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(5)   THE  PLEUROCAPSA   ASSOCIATION. 

Pleurocapsa  fuliginosa  grows  on  rocks  and  stonework,  forming  a  conspicuous  dark 
stain  at  high-water  mark  and  in  depressions  wet  by  waves  and  spray. 

(6)   THE  ULVA,  ENTEROMORPHA,   AND  MONOSTROMA   ASSOCIATIONS. 

Rocks  and  stony  beaches  above  low-water  mark  frequently  exhibit  striking  growths 
of  species  of  Ulva^  Enteromorpha,  and  Monostroma,  Ulva  LacUica  var.  rigida  is  common 
above  low-water  mark  on  rocks  exposed  to  waves  where  it  frequently  forms  dense 
zones  of  growth.  Enieromorpha  iniestinalis  is  often  abundant  in  quiet  waters  attached 
to  stones  and  shells  and  sometimes  to  woodwork  of  wharves  between  tide  marks;  it  may 
develop  broad  zones  of  growth  in  such  situations.  Enieromorpha  Hnza  is  also  found  in 
the  same  situations  as  Enieromorpha  irUesiinalis  and  is  sometimes  mixed  with  it.  Eniero- 
morpha minima  is  very  common  during  the  spring  and  summer  in  situations  similar  to 
those  of  Enieromorpha  irUesiinalis,  but  always  growing  near  high-water  mark.  In  the 
spring  Monosiroma  GreviUei  is  abundant  on  stones  and  larger  algae  a  little  above  low- 
water  mark. 

These  forms,  together  with  certain  species  of  Cladophora  described  in  association  9, 
make  up  the  most  characteristic  associations  of  green  algae  in  the  littoral  region.  They 
are  generally  responsible  for  the  conspicuous  green  zones  on  wharves,  rocks,  and  beaches 
above  low-water  mark. 

(7)   THE  ULOTHRIX   ASSOCIATIONS. 

Uloihrix  flacca  is  not  uncommon  in  the  summer,  forming  large  patches  on  stones 
and  woodwork  of  wharves  above  low-water  mark;  it  is  sometimes  epiphytic  on  Fucus, 
Uloihrix  implexa  is  also  present  in  the  spring  on  rocks  above  low  water. 

(8)   THE  CHiETOMORPHA  ASSOCIATIONS. 

ChBiomorpha  Linum  is  common  growing  in  wiry  masses  over  sandy  and  muddy 
bottoms.  It  was  dredged  by  the  Survey  as  deep  as  5  fathoms,  but  is  generally  found 
in  shallow  water  in  the  upper  regions  of  both  the  cool-  and  warm-water  sublittoral 
formations  (a  and  b). 

Cheiomorpha  melagonium  is  present  in  deeper  water  oflf  exposed  points,  sfich  as 
Gay  Head  and  Cuttyhunk  (chart  228).  This  species  was  dredged  in  4  to  9  fathoms  and 
is  a  characteristic  member  of  what  is  here  termed  the  cool-water  sublittoral  formation. 

(9)   THE  CLADOPHORA   ASSOCIATIONS. 

Several  species  of  Cladophora  develop  conspicuous  associations  in  the  upper  level 
of  the  sublittoral  region.  Cladophora  albida  and  C.  albida  var.  refracia  form  in  the  sum- 
mer patches  on  rocks.  Cladophora  arcia  is  very  abundant  in  the  spring  on  wharves  and 
harbor  walls  near  low-water  mark  and  below,  and  is  one  of  the  most  characteristic  of 
the  green  algae  at  that  season.  C.  flexuosa  is  common  in  the  summer  on  rocks,  and  C. 
glaucescens,  a  delicate  species,  is  also  abundant  at  the  same  season  on  rocks  and  wharves 
near  low-water  mark.  C.  gracilis  grows  luxuriantly  during  the  summer  in  quiet  sheltered 
waters.     C  lanosa  is  epiph3rtic  on  larger  algae  generally  below  low  water;  C.  lanosa  var. 
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uncialis  grows  on  rocks  above  and  below  low-water  mark  and  b  conspicuous  in  the 
winter  and  spring.  C.  tefracta  and  C.  Rndoiphiana  are  frequently  abundant  on  stones 
near  low  water  and  below.  C.  mpestris  is  a  striking  species  growing  off  exposed  points 
as  at  Nobska  and  Gay  Head. 

The  list  of  Cladopharas  in  this  region  is  large,  but  they  are  apt  to  grow  mixed  with 
other  algse.  However,  C.  albida,  C,  albida  var.  refracia,  C.  arcia,  C.  gracilis,  and  C. 
lanosa  var.  uncialis  frequently  form  extensive  and  almost  pure  growths,  which  are  as 
conspicuous  as  the  zones  of  Ulva,  Enteramorpha,  and  Monostrama. 

(lO)   THB  VAUCHBRIA   ASSOCIATIONS. 

Vaucheria  liiarea  and  V.  ThureHi  are  occasionally  found  forming  rather  extensive 
and  sometimes  matted  g^wths  over  gravel  and  mud  near  low-water  mark  and  bebw. 

(ll)  THQ  BCTOCARPUS  ASSOCIATlONa 

Most  of  the  species  ci  Ectocarpus  grow  attached  to  larger  algae  or  to  Zostera,  but 
some  are  found  on  stones  and  the  woodwork  of  wharves  near  low-water  mark  and  betow. 
Ectocarpus  canfervoides  and  £.  siliculosus  are  frequently  present  in  the  latter  situati(ms, 
forming  at  times  extensive  growths.  Some  of  the  epiphytic  species  may  grow  so  thickly 
over  such  forms  as  Scyiosiphan  lomerUarius,  Desmarestia  aculeaia,  Chardaria  flagdli- 
formis,  Chorda  filum,  Laminaria  AgardkH,  and  Zostera  as  to  form  a  conspicuous  part 
of  the  associations  that  contain  these  larger  algae  and  the  eel  grass.  The  commonest 
of  the  epiphytic  species  are  Ectocarpus  acidioides  on  old  Laminaria,  E.  confervoides  on 
Scytosiphon  and  Chordaria,  E,  fasiculatus  on  Chordaria  and  Chorda,  E,  granulosus  on  Sar- 
gassum,  E.  penicillatus  on  larger  algae  and  Zostera,  and  £.  siliculosus  oo  Scytosiphon, 
Zostera,  etc. 

(12)  THE  CLAIX>STBPHUS  ASSOCIATION. 

Cladostepkus  verHcillatus  grows  in  fairly  deep  water  and  has  a  scattered  <fistri- 
bution  in  Vineyard  Sound  (chart  229).  It  was  dredged  in  2  to  13  fathoms  over  sandy 
and  stony  bottoms.  Although  not  plentiful,  this  species  b  conspicuous  for  its  size;  it 
is  a  member  of  the  warm- water  sublittoral  formation  (b). 

(13)  THB  SPHACBI^ARIA   ASSOCIATIONS. 

Sphacelaria  cirrhosa  is  epiph3rtic  on  Fucus,  Ascophyllum,  Sargassum,  and  occasion- 
ally on  Zostera;  it  may  also  grow  on  stones.  The  spedes  is  probably  widely  distributed 
along  the  coast  and  was  dredged  in  3  to  8  fathoms  on  Sargassum  and  stones  at  several 
scattered  stations  in  \^eyard  Sound. 

Sphacelaria  radicans  is  common  attached  to  stones,  shells,  and  mud-covered  rocks. 
It  was  dredged  in  3  to  5  fathoms,  chiefly  at  stations  near  Vineyard  Haven. 

The  two  species  are  in  the  warm-water  sublittoral  formation  (b). 

(14)   THB  DBSMOTRICHUM   AND  PUNCTARIA  ASSOCIATIONS. 

Desmotrichum  balticum  and  D.  undulatum  are  common,  especially  in  the  spring, 
forming  dense  growths  on  Zostera;  they  are  occasionally  found  on  larger  algae  and  on 
rocks. 

Punctaria  latifolia  and  P.  plantaginea  are  likewise  common  in  the  spring,  the  former 
on  Zostera  and  larger  algae,  the  latter  on  algae  and  rocks. 
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(15)   THE   PHYLLITIS  AND  SCYTOSIPHON   ASSOCIATIONS. 

Phyllitis  fascia  is  common  in  the  winter  and  spring  on  rocks  just  below  low-water 
mark  and  in  the  littoral  region.  Scytosiphon  lomeniarius  is  also  abundant  in  similar 
situations  on  rocks,  and  also  on  stony  beaches,  where  it  develops  extensive  growths 
during  the  winter  and  spring  extending  above  the  Phyllitis  in  the  littoral  region. 

These  two  algae,  so  conspicuous  in  the  littoral  during  the  winter  and  spring,  prac- 
tically disappear  during  the  summer,  being  then  fotmd  only  in  very  favorable  situations, 
as,  for  example,  at  Gay  Head  and  at  Grassy  Ledge,  in  Woods  Hole  Harbor,  on  the 
side  of  the  ship  channel.  They  frequently  form  a  mixed  association,  but  Scytosiphon 
is  the  commoner  of  the  two  and  more  widely  distributed. 

(16)   THE  ARTHROCLADIA   ASSOCIATION. 

Arthrocladia  vUlosa,  which  has  been  considered  rather  rare,  was  found  by  the  Survey 
to  be  widely  distributed  in  Buzzards  Bay  and  Vineyard  Sound  (chart  230).  Although 
generally  dredged  in  small  quantities,  it  was  obtained  in  abundance  in  the  cove  west 
of  Cuttyhunk  Neck  (near  station  loi)  July  27,  1905.  At  this  date  large  plants  in  full 
fruit  grew  on  shells  and  stones  in  4  to  5  fathoms,  forming  large  patches  over  the  bottom. 
The  species  is  a  member  of  the  warm-water  sublittoral  formation  (b). 

(17)  THE  DBSMARESTIA   ASSOCIATION. 

Desmarestia  aculeata  is  a  large  coarse  species  plentiful  in  the  lower  portion  of 
Buzzards  Bay  and  westerly  portion  of  Vineyard  Sound  (chart  231).  It  grows  over  sandy 
and  stony  bottoms  in  i>^  to  14  fathoms.  Although  the  plants  are  more  often  scattered, 
they  sometimes  form  patches  which  would  be  considered  as  associations.  The  species 
is  frequently  a  member  of  the  cool-water  sublittoral  formation  (a). 

DesmaresHa  viridis  is  found  not  only  in  the  same  situations  as  D.  aculeata,  but 
also  in  quieter  and  warmer  regions  of  the  Sound  (chart  232).  It  is  common  at  Woods 
Hole  in  the  spring  and  early  summer,  a  little  below  low-water  mark.  The  growths 
are  generally  scattered,  but  they  may  also  form  dense  associations.  This  species  is  a 
member  of  the  warm-water  sublittoral  formation  (b),  but  is  also  present  in  colder 
waters,  although  not  so  common  there  as  Desmarestia  aculeata, 

(18)  THE  DICTYOSIPHON   ASSOCIATION. 

A  species  of  Dictyosiphon  is  present  during  the  summer  months  rather  widely 
distributed  in  both  Bay  and  Sound  on  stones  and  over  sand  in  3  to  lofathoms  (chart  233). 
The  form  compares  well  with  material  and  descriptions  of  Dictyosiphon  hippuroides. 
However,  in  view  of  the  difficulties  in  determining  species  in  this  genus  and  the  fact 
that  our  material  was  evidently  a  summer  seasonal  condition,  we  do  not  feel  sure  of 
its  afiSnities.  It  was  found  at  several  stations  in  sufiSdent  quantity  to  constitute  asso- 
ciations, and  is  present  in  both  the  cool-  and  warm-water  sublittoral  formations. 

(19)   THE   CASTAGNEA   ASSOCIATION. 

Castagnea  Zosterm  is  common  at  Woods  Hole  in  the  summer,  attached  to  Zostera , 
Castagnea  virescens  is  occasionally  found  on  rocks,  Zostera,  and  larger  algae  below  low- 
water  mark.     Both  species  are  present  in  the  warm-water  sublittoral  formation  (b),  but 
C  virescens  is  also  a  spring  species. 
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(20)  THB  CHORDARIA  ASSOCIATION. 

Chordaria  flagellifarmis  during  the  summer  develops  extensive  growths  on  stones 
and  rocks  a  little  below  low-water  mark.  It  grows  in  large  masses  and  is  frequently 
the  most  conspicuous  member  of  the  zone  of  brown  algae,  fringing  exposed  rocks  near 
low-water  mark.  The  other  prominent  members  of  this  zone  are  commonly  PkyUiiis 
fascia  and, Scytosiphon  lomeniarius,  which  grow  above  the  Chordaria  and  in  the  littoral 
r^on.  The  Chordaria  is  frequently  overgrown  with  Ectocarpus  confervoides,  E, 
fasiculaius  or  E.  sUictdosus,  and  it  also  harbors  Callithamnion  Baileyi,  C.  corymbosum, 
and  other  algal  epiphytes. 

(21)  THE   MESOGLOIA   ASSOCIATION. 

Mesogloia  divaricaia  grows  in  masses  on  stones  and  algae  in  relatively  quiet  waters 
a  little  below  low- water  mark.  It  is  a  conspicuous  summer  plant  occupying  a  situation 
somewhat  similar  to  that  of  Chordaria  flagelliformis  in  more  exposed  situations. 

(22)   THB   RALPSIA   ASSOCIATIONS. 

Ralfsia  clavaia  is  very  abundant  on  stones  and  shells  at  low-water  mark  and  bebw. 
It  is  widely  distributed  throughout  the  sublittoral  region  at  Woods  Hole  and  in  the  Bay 
and  Sound,  and  has  been  dredged  in  3  to  12  fathoms.  Ralfsia  verrucosa  is  less  widely 
distributed,  but  in  certain  localities  has  been  found  in  quantity  (Grassy  Ledge,  littk 
Harbor,  Tarpaulin  Cove) ;  it  grows  on  stones  near  low-water  mark. 

(23)  THB  CHORDA  ASSOCIATION. 

Chorda  fUum  is  a  summer  species  very  common  in  th^  sublittoral  r^ion  on  stones 
and  shells  in  water  3  feet  or  more  in  depth.  It  frequently  forms  large  beds  and  some- 
times supports  extensive  epiphytic  growths  of  Ectocarpus  fasiculcUus,  Ceramium  rubrum^ 
and  other  species.  Chorda  fUum  is  widely  distributed  throughout  the  Bay  and  Sound 
(chart  234)  and  was  dredged  in  2  to  14  fathoms. 

Chorda  tomeniosa  is  a  very  beautiful  spring  species  common  at  Woods  Hole  in  the 
same  situation  as  Chorda  filum,  which  takes  its  place  later  in  the  season.  We  know 
nothing  of  its  distribution  in  Buzzards  Bay  and  Vineyard  Sound. 

(24)   THB  LAMINARIA   ASSOCIATIONS. 

The  genus  Laminaria  has  only  three  representatives  in  the  waters  of  Buzzards 
Bay  and  Vineyard  Sound.  In  comparison  with  the  flora  north  of  Cape  Cod  the  kelps 
play  but  an  insignificant  part  in  the  vegetation  of  this  region. 

Laminaria  A  gardhii  is  rather  widely  distributed  (chart  235) ,  being  common  at  Woods 
Holt  on  wharves  and  stones  in  water  3  feet  or  more  in  depth ;  it  was  dredged  over  sandy, 
shelly,  and  stony  bottoms  in  2  to  1 7  fathoms. 

Laminaria  A  gardhii  var.  vittata  is  restricted  in  its  distribution  chiefly  to  the  lower 
portion  of  the  Bay  and  westerly  portion  of  the  Sound  (chart  236) ;  it  grows  over  sandy, 
shelly,  and  stony  bottoms  in  2  to  17  fathoms,  sometimes  forming  beds  of  considerable 
extent  frequently  mixed  with  Laminaria  A  gardhii. 
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Laminaria  digiUUa  was  found  only  off  Gay  Head  (chart  237)  over  sandy  and  stony 
bottoms  in  3  to  13  fathoms,  accompanied  by  the  other  forms  of  Laminaria,  All  of 
these  kelps  are  characteristic  members  of  the  cool-water  sublittoral  formation  (a),  but 
Laminaria  Agardhii  is  more  widely  distributed  than  the  others. 

(25)   THE  FUCUS  AND  ASCOPHYLLUM   ASSOCIATIONS. 

Ascophyllum  nodosum  and  Fucvs  vesictUosus  are  the  only  rockweeds  that  develop 
extensive  associations  in  these  waters;  the  other  two  species  of  Fucus  do  not  form 
very  conspicuous  growths. 

Ascophyllum  nodosum  grows  plentifully  over  rocks  near  low-water  mark  and  above 
in  somewhat  sheltered  situations.  It  is  found  in  its  best  vegetative  condition  during 
the  winter  snd  spring  culminating  with  the  fruiting  period  in  May;  the  summer  growth 
is  somewhat  dwarfed  and  much  lighter  in  color  (yellowish)  where  exposed  to  bright 
sunlight. 

Fucus  vesiculosus,  with  its  several  forms  and  varieties,  is  more  plentiful  than  Asco- 
phyllum, growing  over  a  wide  zone  from  below  low-water  mark  to  a  high  point  in  the 
littoral  region.  It  is  likewise  found  in  its  best  vegetative  condition  dtuing  the  winter 
and  spring,  fruiting  most  abundantly  in  the  latter  season.  It  is  represented  during 
the  summer  by  dwarfish  growths,  frequently  lighter  in  color  than  the  winter  condition, 
except  off  exposed  points  as  at  Gay  Head,  where  the  growth  and  fruiting  is  more  uniform. 

The  Ascophyllum  and  Fucus  frequently  form  a  mixed  association  at  Woods  Hole, 
which  during  the  winter  develops  a  broad  zone  in  the  littoral  region  over  rocks  that  are 
not  subjected  to  severe  scraping  by  the  ice.  Most  of  the  winter  growths  matures  during 
the  spring  and  the  display  during  the  summer  is  comparatively  poor. 

(26)   THE  SARGASSUM   ASSOCIATION. 

Sargassum  Filipendula  is  common  during  the  summer  in  the  warmer  and  more 
sheltered  regions  of  the  Bay  and  Sound  (chart  238) ;  it  was  dredged  over  sandy,  shelly, 
and  stony  bottoms  in  2^  to  15  fathoms,  sometimes  froming  rather  large  beds.  At 
Woods  Hole  there  are  conspicuous  associations  at  the  entrance  to  the  Eel  Pond  and  off 
Juniper  Point,  where  the  plants  grow  in  large  patches  in  3  feet  to  i  or  more  fathoms  of 
water.  Sargc^sum  is  thus  strictly  sublittoral,  in  sharp  contrast  to  the  habits  of  the 
species  of  rockweeds,  and  it  is  characteristic  of  the  warm-water  sublittoral  formation  (b). 

(27)   THE  BANGIA   ASSOCIATION. 

Bangia  fusco-purpurea  is  not  uncommon,  forming  patches  on  rocks  and  woodwork 
of  wharves  near  high-water  mark.  Ulothrix  fiacca  is  frequently  mixed  to  a  greater  or 
less  degree  with  the  Bangia. 

(28)   THE   PORPHYRA   ASSOCIATION. 

Porphyra  laciniata  frequently  develops  heavy  growths  on  the  harbor  walls  at  Woods 
Hole  near  low-water  mark.     Porphyra  leucosticta  is  a  spring  species  common  on  larger 
algae  and  on  Zosiera. 
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(29)   THE  CHANTRANSIA   ASSOCIATIONS. 

Chantransia  virgaUda  b  abundant,  fringing  the  leaves  of  Zosiera,  and  is  a  conspic- 
uous member  of  the  Zosiera  formation  (c).  Chantransia  secundata  is  sometimes  com- 
mon on  Zosiera,  Ceramium  rubrum,  and  Porphyra  laciniata.  Chantransia  Thuretii  is 
occasionally  found  in  quantity  on  Ceramium  rubrum  and  on  Cysioclonium  purpurascens 
at  a  depth  of  i  to  3  meters  (oflF  Juniper  Point). 

(30)   THE   NBMALION   ASSOCIATION. 

Nemalion  muliifidum  is  a  very  characteristic  summer  species,  frequently  forming  a 
broad  zone  on  rocks  a  little  above  low-water  mark.  This  b,  perhaps,  the  best  illustraticm 
of  a  red  alga  with  life  habits  in  this  r^on  apparently  demanding  a  certain  degree  d 
exposure  to  the  air. 

(31)   THE   ANTfTHAMNION   ASSOCIATION. 

Aniithamnion  cruciaium  proved  to  be  very  widely  distributed  during  the  summer  in 
Vineyard  Sotmd  and  Buzzards  Bay,  attached  to  stones  and  larger  algae  in  3  to  15  fathoms 
(chart  239).  It  frequently  forms  dense  epiphytic  growths  on  Chondms,  Phyllophora, 
and  Polyides,  The  species  is  a  common  member  of  the  warm-water  sublittoral  formation 
(b),  but  it  is  also  found  in  exposed  situations,  as  off  Gay  Head  and  Cuttyhunk.  The 
other  species  of  Antiihamnion  are  not  found  in  sufficient  quantity  to  form  cons^ncuous 
associations. 

(32)   THE  CALLfTHAMNION   ASSOCIATIONS. 

Of  the  five  species  of  Callithamnion  found  in  this  region  only  three  forms  devdop 
growths  so  extensive  as  to  be  worthy  of  consideration  in  this  connection. 

CallUhamnion  roseum  is  common  during  the  summer  in  the  more  sheltered  waters 
of  the  Bay  and  Sound,  growing  on  stones,  shells,  larger  algae,  and  Zosiera  in  3  to  13 
fathoms.  It  is  espedaUy  abundant  in  the  easteriy  portion  of  \^eyard  Sound,  where 
Chondrus,  Phyllophora,  and  Sargassum  frequently  support  heavy  epiphytic  growths. 
The  species  is  a  characteristic  member  of  the  warm-water  sublittoral  formation  (b). 

Callithamnion  Baileyi  and  C.  Baileyi  var.  laxum  are  also  common  during  the  summer, 
but  generally  only  as  scattered  plants.  Callithamnion  Baileyi  grows  on  rocks,  and  is  also 
frequently  epiphytic  on  larger  algae,  such  as  Chordaria  and  Ceramium  rubrum,  in  the 
upper  level  of  the  sublittoral.  It  was  dredged  in  3  to  13  fathoms  attached  to  Des- 
maresiia,  Chondrus,  Phyllophora,  and  Cysioclonium,  The  species  seems  to  prefer  the 
conditions  of  the  warm-water  sublittoral  formation. 

(33)   THE  CERAMIUM   ASSOCIATIONS. 

Of  the  six  species  of  Ceramium  present  in  these  waters,  C.  rubrum  deserves  the 
most  attention,  on  account  of  its  abundance  and  very  wide  range  (chart  240).  This 
species  is  conspicuous  in  the  upper  level  of  the  sublittoral,  as  one  of  the  commonest 
members  of  the  zone  of  red  algae  frequently  fotmd  on  rocks  a  little  below  low-water 
mark  in  company  with  such  forms  as  Polysiphonia  fibrillosa,  P.  urceolata,  P.  violacea, 
and  Chondrus  crispus,     Ceramium  rubrum  is  also  abundant  in  deeper  water,  and  was 
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dredged  in  i  to  19  fathoms  attached  to  stones.  It  is  a  very  common  epiphyte  on  Chorda, 
Chondnis,  and  Phyllophora,  and  on  Zosiera,  The  species  is  present  in  both  the  cool 
and  warm-water  sublittoral  formations. 

Ceramium  fasiigiaium  is  frequently  abundant  on  Zosiera  and  on  larger  algae,  such  as 
PhyUophora,  and  sometimes  on  stones;  it  was  dredged  in  2  to  7  fathoms.  Ceramium 
stridum  and  C.  ienuissimum  are  also  common  on  Zosiera  and  on  larger  algae,  and  occa- 
sionally on  stones;  they  were  dredged  in  2  to  15  fathoms.  These  three  species  have  a 
scattered  and  probably  wide  distribution  in  sheltered  regions  of  the  Bay  and  Sound, 
but  are  not  present  in  abundance;  they  belong  to  the  warm-water  sublittoral  forma- 
tion (b). 

(34)   THE  GRIFFITHSIA   ASSOCIATIONS. 

Griffiihsia  Borneiiana  is  common  in  the  summer  in  the  more  sheltered  portions  of  the 
Bay  and  Sound  (chart  241).  The  species  is  an  epiphyte  on  larger  algae,  such  as  Chondrus 
and  Phyllophora,  and  was  dredged  in  2  to  15  fathoms  (most  plentiful  between  3  and  6 
fathoms);  it  is  a  conspicuous  member  of  the  warm-water  sublittoral  formation  (b). 

GrifjUhsia  tenuis  has  a  distribution  restricted  to  the  extreme  upper  portion  of 
Buzzards  Bay  (chart  242),  where  it  may  be  found  in  large  patches  loosely  attached  over 
sandy  and  muddy  bottoms  in  2  to  4  fathoms.  It  is  a  striking  species  in  these  sheltered 
regions  (that  support  comparatively  little  algal  vegetation),  evidently  preferring  warm 
waters. 

(35)   THE   PLUMARIA   ASSOCIATION. 

Plumaria  elegans  is  restricted  to  exposed  situations,  such  as  Gay  Head  and  Sow  and 
Pigs  (chart  243).  There  it  is  abtmdant  as  an  epiphyte  on  Chondrus  and  Phyllophora 
over  sandy  and  stony  bottoms  in  3  to  17  fathoms.  It  is  one  of  the  most  characteristic 
species  of  the  cool-water  sublittoral  formation  (a). 

(36)   THE  SEIROSPORA  ASSOCIATION. 

Seirospora  GriffUhsiana  is  sometimes  very  common  on  stones,  shells,  Zosiera,  and 
larger  algae  in  3  to  10  fathoms.  It  has  a  scattered  distribution  in  both  Bay  and  Sound, 
and  is  frequently  present  in  the  warm- water  sublittoral  formation  (b). 

(37)   THE  SPERMOTHAMNION   ASSOCIATION. 

Spermoihamnion  Tumeri  is  very  abundant  as  an  epiph3rte  on  such  algae  as  Chondrus, 
Phyllophora,  and  Polyides  in  i  to  17  fathoms,  over  sandy,  shelly,  stony,  and  muddy 
bottoms.  It  is  distributed  widely  in  the  Bay  and  Sound  (chart  244)  and  is  present  in 
both  the  cool-  and  warm-water  sublittoral  formations. 

(38)   THE  SPYRIDIA   ASSOCIATIONS. 

Spyridia  filam^entosa  is  very  widely  distributed  in  both  Bay  and  Sound  (chart  245) ; 
it  is  found  on  stones  and  shells,  frequently  over  muddy  bottoms,  and  on  Zosiera  and 
larger  algae,  and  was  dredged  in  3  to  15  fathoms  (most  plentiful  in  4  to  10  fathoms). 
The  species  is  a  characteristic  member  of  the  warm-water  sublittoral  formation  (b). 
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(39)   THE  CHONDRIA   ASSOCIATIONS. 

Chandria  ienuissima  is  abundant  on  rocks  and  larger  algae  bdow  low-water  mark 
along  somewhat  sheltered  shores;  it  was  dredged  as  deep  as  2  to  5  fathoms  at  Phalarope 
station  73,  but  the  species  is  on  the  whole  rather  characteristic  of  the  upper  level  of  the 
sublittoial  region.  Chondria  ienuissima  var.  Baileyana  is  less  comrnoo,  but  found 
in  similar  situations. 

Chondria  dasyphylla  is  also  found  on  rocks  and  larger  algae  and  sometimes  on  Zosiera 
below  low-water  mark.  It  is  a  coarse  species,  generally  present  in  less  sheltered  situ- 
ations than  Chondria  ienuissima  and  was  dredged  in  4  to  10  fathoms,  chiefly  in  the 
easterly  portion  of  \Tneyard  Sound.  Chondria  sedifolia  b  closely  related  to  C  dasy- 
phylla, and  has  been  classed  as  a  variety  of  the  latter;  it  is  less  common,  but  is  found 
in  similar  situations. 

All  the  species  of  Chondria  are  members  of  the  warm-water  subUttoial  formatioa 
(b),  preferring  shallow  water  and  sheltered  situations. 

(40)   THE  DASYA   ASSOCIATION. 

Dasya  elegans  is  very  abundant  during  the  late  summer  below  low-water  mark, 
generally  in  sheltered  situations  on  Zosiera,  on  larger  algae,  and  occasionally  on  stones; 
it  was  dredged  over  sandy  and  stony  bottoms  in  2  to  13  fathoms  and  has  a  wide  and 
scattered  distribution  throughout  the  Bay  and  Sound.  The  species  b  a  member  d  the 
warm-water  sublittoral  formation  (b)  and  is  also  frequently  conspicuous  in  the  Zosiera 
formation  (c). 

(41)   THB   POI^YSIPHONIA   ASSOCIATIONS. 

Of  the  12  species  of  Polysiphonia  found  in  this  region  8  are  sufficiently  common  to 
present  conspicuous  associations. 

Polysiphonia  elongaia,  the  largest  species,  grows  on  stones  and  rocks  in  fairly  deep 
water  over  sandy,  shelly,  and  stony  bottoms  in  2  to  17  fathoms  (most  plentiful  in  5  to  13 
fathoms).  The  species  is  common  and  widely  distributed  throughout  Vineyard  Sound, 
but  is  found  only  in  the  lower  portion  of  the  Bay  (chart  246).  It  is  present  in  both  the 
warm-  and  cool-water  sublittoral  formations,  but  is  more  plentiful  in  the  latter. 

Polysiphonia  fibrillosa  is  common  at  Woods  Hole  in  the  summer,  frequently  forming 
a  zone  on  rocks  at  and  just  below  low-water  mark.  Although  characteristic  of  the 
upper  region  of  the  warm-water  sublittoral,  the  species  was  dredged  at  several  scattered 
stations  in  Vineyard  Sound  in  2  to  1 1  fathoms. 

Polysiphonia  Harveyi  and  P.  Olneyi  form  tufted  growths  on  eel  grass  in  quiet  water, 
and  are  members  of  the  Zosiera  formation  (c). 

Polysiphonia  nigrescens  b  very  abundant  on  stones  and  sheUs  frequently  over 
muddy  bottoms  in  i  to  15  fathoms  (most  plentiful  in  5  to  10  fathoms).  The  species  b 
widely  dbtributed  in  both  Bay  and  Sotmd  (chart  247),  and  is  present  in  both  the  cod- 
and  warm-water  sublittoral  formations. 

Polysiphonia  urcedata  b  abtmdant  in  the  spring  and  very  conspicuous  in  the  zone 
of  red  algae  on  stones  and  wharves  below  low-water  mark.  The  species  at  that  season 
b  probably  widely  distibuted  in  both  the  Bay  and  Sound  and  is  then  a  prominent  mem- 


Digitized  by 


Google 


BIOLOGICAL  SURVEY  OF  WOODS  HOLE  AND  VICINITY.  465 

ber  of  the  cool-water  sublittoral  fonnation;  it  was  dredged  in  the  summer  in  the  lower 
portion  of  Buzzards  Bay  in  3  to  19  fathoms. 

Polysiphanta  variegata  b  common  in  the  summer  on  stones,  Zosiera,  and  larger 
algae,  and  also  grows  loosely  attached  over  sand  and  mud  in  sheltered  situations;  it 
was  dredged  in  3  to  6  fathoms  in  the  upper  portion  of  Buzzards  Bay  (chart  248).  The 
species  belongs  to  the  warm-water  sublittoral  formation,  preferring  sheltered  situations. 

Polysiphonia  violacea  is  abundant  in  the  stunmer  on  stones,  rocks,  and  on  the  larger 
algae  below  low-water  mark;  it  was  dredged  in  i  to  13  fathoms  over  sandy  and  stony 
bottoms  and  has  a  wide  though  scattered  distribution  in  the  Bay  and  Sound.  The 
species  is  an  important  member  of  the  zone  of  red  algae  below  low-water  mark  on  rocks 
in  exposed  situations,  taking  the  place  which  P.  urceolata  occupies  in  the  spring.  It 
belongs  to  the  warm-water  sublittoral  formation. 

(42)   THE  RHODOMELA  ASSOCIATIONS. 

Rhodomela  Rochet  and  R.  subfusca  are  probably  very  abundant  in  the  spring  through- 
out the  Bay  and  Sound.  The  bases  of  old  plants  were  dredged  during  the  summer 
at  scattered  stations  in  3  to  8  fathoms  for  Rhodomela  Rochet,  and  3  to  12  fathoms  for 
R.  subfusca.  In  the.  spring  these  species  are  undoubtedly  conspicuous  members  of 
the  cool-water  sublittoral  formation  (a). 

(43)   THE  AHNPELDTIA  ASSOCIATION. 

Ahnfeldtia  plicata  is  common  in  exposed  situations  as  off  Gay  Head  and  Cutty- 
htmk  (chart  249).  It  was  dredged  in  i  to  14  fathoms  (most  plentiful  in  7  to  13 
fathoms)  over  sandy,  shelly,  and  stony  bottoms,  and  is  one  of  the  cool-water  sublittoral 
species. 

(44.)   THE  CHONDRUS  ASSOCIATION. 

Chondrus  crispus,  the  Irish  moss,  is  abundant  along  the  shores  <rf  the  Bay  and 
Sotmd  below  low-water  mark;  it  was  dredged  in  i  to  19  fathoms  (most  plentiful  in 
4  to  12  fathoms)  over  sandy,  shelly,  and  stony  bottoms.  The  species  is  widely  dis- 
tributed through  the  Bay  and  Sound  (chart  250),  wherever  the  bottom  is  favorable, 
and  grows  in  dense  patches  on  the  rocks.  It  does  not  as  a  rule  come  so  close  to  the 
surface  as  Ceramium  rubrum,  Polysiphonia  fibrillosa,  P.  urceolata,  and  P.  violacea, 
but  it  is  the  most  conspicuous  member  on  exposed  rocks  of  the  zone  of  red  algae  some- 
what below  these  species.  Chondrus  crispus  is  a  very  important  member  of  both 
the  cool  and  warm-water  sublittoral  formations,  with  preferences  for  the  former;  for, 
although  enduring  the  warm  water  of  the  summer,  it  grows  most  luxuriantly  in  colder 
temperatures. 

(45)   THE  PHYLLOPHORA   ASSOCIATIONS. 

The  two  species  of  Phylhphora  have  very  similar  life  habits;  they  are  rarely  found 
in  the  upper  level  of  the  sublittoral  region  and  are  generally  present  only  at  a  considerable 
depth. 

Phyllophora  Brodicd  grows  on  stones  and  in  sand  and  mud  and  was  dredged  in 
I K  to  15  fathoms  (most  plentiful  in  4  to  10  fathoms).  It  is  distributed  very  generally 
16369®— Bull.  3i»  pt  I — 13 30 
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throughout  the  Bay  and  Sound  (chart  351),  but  is  most  abundant  off  exposed stuatioos, 
as  at  Gay  Head  and  Cuttyhunk»  where  extensive  growths  are  present. 

Phyllophara  membranifolia  is  also  found  on  stones  and  over  sand  and  mud;  it  was 
dredged  in  3  to  17  fathoms  (most  plentiful  in  4  to  10  fathoms).  The  species  is  likewise 
distributed  very  generally  throughout  the  Bay  and  Sound  (chart  252),  but  appears  to 
prefer  rather  more  sheltered  situations  than  PkyUopkora  BroduBt. 

Both  species  of  PkyUopkora  are  prcHninent  in  the  cool-  as  well  as  the  warm-water 
sublittoral  formations. 

(46)  THE  AGARDHIELLA  ASSOCIATION. 

Agardhiella  tenera  is  very  common  on  stones  and  sheDs  in  fairly  deep  water;  it 
grows  in  2  to  15  fathoms  (most  plentiful  in  4  to  10  fathoms).  The  spedes  is  very  widdy 
distributed  throughout  both  the  Bay  and  Sound  (diart  253),  but  pr^ers  rather  sheltered 
waters  and  is  a  characteristic  member  of  the  warm-water  sublittoral  formation  (b), 
where  it  is  commonly  associated  with  Grinndlia  americana. 

(47)   THE  CYSTOCLONIUM   ASSOCIATldNS. 

Cystoclonium  purpurascens  has  a  scattered  distribution  in  both  Bay  and  Sound 
(diart  254).  It  was  fotmd  in  2}4  to  13  fathoms  (most  plentiful  in  4  to  10  fathoms) 
attached  to  stones  over  sandy,  shelly,  and  stony  bottoms,  occasionally  over  mud.  The 
species  rarely  forms  extensive  patches  but  is  conspicuous  because  of  its  large  size;  it 
is  found  in  both  the  cool-  and  warm-water  sublittoral  formations. 

Cystoclonium  pwrpwrascens  var.  cirrhosum  is  abundant  in  the  lower  portion  of  the 
Bay  and  westerly  portion  of  the  Sound  (chart  255).  It  was  dredged  in  i  to  17  fathoms 
(most  plentiful  in  4  to  12  fathoms)  attached  to  stones  and  to  larger  algae  over  a  bottom 
similar  to  that  of  the  preceding  species.  The  variety  is  much  more  luxuriant  than  the 
species  and  frequently  forms  large  patches  of  v^;etation;  it  clearly  prefers  the  condi- 
tions of  the  cool- water  sublittoral  and  is  a  prominent  member  of  that  formation  (a). 

(48)   THE  CHAMPIA   association. 

Champia  parvula  is  one  of  the  most  widely  distributed  algae  €i  the  region,  occa- 
sionally  forming  extensive  patches  in  the  Bay  and  Sound  (chart  256).  It  grows  in  i  to  19 
fathoms  (most  plentiful  in  4  to  12  fathoms)  attached  to  stones,  Zosiera,  and  larger 
algae,  o^er  sandy,  shelly,  stony,  and  muddy  bottoms;  it  is  frequently  found  in  shallow 
water  along  the  shore.  The  species  belongs  to  the  warm-water  sublittoral  formatioo 
(b),  being  found  most  abundantly  in  sheltered  regions. 

(49)   THE  U)MENTARIA   ASSOCIATIONS. 

LometUaria  rosea  is  found  only  off  the  exposed  points  of  (jay  Head  and  Cuttyhunk 
(chart  257).  It  was  dredged  in  4  to  13  fathoms  on  stones,  shells,  and  on  larger  a^se,  over 
sandy,  shelly,  and  stony  bottoms.  The  species  is  restricted  to  the  cool-water  sublittoral 
and  although  never  abundant  is  one  of  the  most  characteristic  members  of  this  forma- 
tion (a). 

LometUaria  nncinaia  grows  in  the  sheltered  waters  of  the  Bay  and  Sound  (diart  258). 
It  was  dredged  in  i>^  to  15  fathoms  (most  plentiful  in  4  to  10  fathoms)  over  sandy, 
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shelly,  and  stony  bottoms,  and  it  is  also  abundant  in  shallow  water  along  shore.  In 
sharp  contrast  to  L.  rosea,  this  species  is  characteristic  of  the  warm-water  sublittoral 
formation  (b)  and  prefers  sheltered  situations  where  it  frequently  accompanies  Champia 
parvula, 

(50)   THE  RHODYMENIA   ASSOCIATION. 

Rhodymema  palmata,  the  dulse,  is  found  chiefly  in  the  lower  portion  of  Buzzards 
Bay  and  westerly  portion  of  Vineyard  Soimd  (chart  259).  It  was  dredged  in  i  to  19 
fathoms  (most  plentiful  in  4  to  12  fathoms)  growing  on  stones  and  larger  algae,  over 
sandy,  shelly,  and  stony  bottoms.  A.  prominent  member  of  the  cool-water  sublittoral 
formation  (a),  this  large  species  is  conspicuous  for  its  size,  although  the  growths  in  this 
r^on  are  never  extensive. 

(51)  THE  DELESSERIA  ASSOCIATION. 

Delesseria  sinuosa  is  practically  restricted  to  the  lower  portion  of  the  Bay  and 
westerly  portion  of  the  Sound  (chart  260).  It  grows  on  larger  algae,  such  as  Chondrus 
and  Phyllophara,  occasionally  oh  stones,  and  was  dredged  in  i>^  to  17  fathoms  (most 
plentiful  in  4  to  13  fathoms).  The  species  is  a  member  of  the  small  group  of  algae 
peculiar  to  the  exposed  conditions  off  Gay  Head  and  Cuttyhunk,  and  is  one  of  the 
noteworthy  forms  in  the  cool-water  sublittoral  formation  (a). 

(52)  THE  GRINNELLIA   ASSOCIATION. 

GrinneUia  americana  is  almost  universally  distributed  throughout  the  Bay  and  Sound 
(chart  261).  It  was  dredged  in  2  to  19  fathoms  (most  plentiful  in  4  to  12  fathoms)  on 
stones  and  shells,  over  sandy,  shelly,  stony,  and  muddy  bottoms,  but  it  likewise  comes 
dose  to  the  surface,  as  on  piles  of  wharves  (Little  Harbor,  Woods  Hole).  Although 
apparently  in  all  regions  of  the  sublittoral,  this  species  is  partial  to  the  more  sheltered 
situations,  and  consequently  warmer  waters,  where  it  is  one  of  the  most  characteristic 
and  abtmdant  forms  together  with  Agardhiella  ienera  and  Champia  parvula. 

(53)   THE  POLYIDES  ASSOCIATION. 

Pdyides  roUmduSf  although  never  abundant,  has  a  rather  wide  distribution  in  both 
the  Bay  and  Sound  (chart  262).  It  is  foimd  only  in  fairly  deep  water,  i>^  to  15  fathoms 
(most  plentiful  in  4  to  10  fathoms),  over  sandy,  shelly,  and  stony  bottoms,  occasionally 
over  mud.  The  species  is  a  member  of  both  the  cool-  and  warm-water  sublittoral  forma- 
tions, and  is  conspicuous  for  its  size,  although  the  plants  grow  in  scattered  groups. 

(54)   THE  CORALLINA  ASSOCIATION. 

CoraUina  officinalis  grows  in  dense  patches  over  rocks  in  exposed  situations  below 
low-water  mark  and  to  a  considerable  depth ;  the  species  is  widely  distributed  in  the  more 
open  portions  of  the  Bay  and  Soimd  (chart  263).  It  was  dredged  in  4  to  10  fathoms,  over 
sandy,  shelly,  and  stony  bottoms.  The  associations  of  CoraUina  are  generally  so  dense 
that  they  occupy  the  surface  of  their  attachment  to  the  almost  complete  exduaon  of 
other  algae ;  the  species  is  present  in  both  the  cool-  and  warm-water  sublittoral  formations. 
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(55)  THE  HILDENBRANDIA  ASSOCIATION. 

Hildenbrandia  protoiypus  is  common  on  stones  and  rocks  near  low-water  mark  and 
extending  into  deep  water,  where  it  grows  in  i>^  to  14  fathoms  (most  plentiful  in  4  to 
10  fathoms) ;  it  is  widely  distributed  in  the  Bay  and  Sotmd  (chart  264).  The  species  is 
found  in  both  the  cool-  and  warm-water  sublittoral  formations. 

(56)  THE  UTHOTHAMNION   ASSOCIATION. 

Litkothamnion  pdymorphum  grows  on  stones  and  shells  in  fairly  deep  water  and  is 
rather  widely  distributed  in  the  Bay  and  Sotmd  (chart  265).  It  was  dredged  in  2  to  15 
fathoms  (most  plentiful  in  4  to  10  fathoms)  over  sandy,  shelly,  and  stony  bottoms. 
Lithothamnian,  although  never  found  in  abtmdance,  is  present  in  both  the  cod-  and 
warm-water  sublittoral  formations. 

(57)   THE  MELOBBSIA  ASSOCIATIONS. 

Melobesia  farinosa  is  fairly  common  on  Fucus  vesiculosus,  Chondrus,  Phyllophora,  and 
Zosiera  at  low- water  mark  and  below,  being  dredged  in  3>^  to  i  iX  fathoms,  at  scattered 
stations  in  the  Sound.    The  species  is  a  member  of  the  warm-water  sublittoral  formation. 

Melobesia  Lejolisii  is  very  abundant  on  Zosiera  throughout  the  Bay  and  Sound  in 
both  shallow  and  deep  water;  it  was  dredged  in  2  to  12X  fathoms.  The  species  prrfers 
rather  sheltered  waters,  where  it  may  cover  the  eel  grass  with  a  thin  incrustation;  it  is 
characteristic  of  the  Zosiera  formation. 

Melobesia  membranacea  is  occasionally  found  on  Chondrus  and  Phyllopkara,  generaSy 
in  exposed  situations  as  off  Gay  Head,  Cuttyhunk,  and  Penikese.  It  was  dredged  m 
3>^  to  10  fathoms  and  clearly  belongs  to  the  cool-water  sublittoral  formation. 

Melobesia  pusinlata  is  common  on  Ascophyllum,  Chondrus,  and  Phyilophora,  and  is 
present  in  both  shallow  and  deep  water,  being  dredged  in  iX  to  14  fathoms  off  Gay 
Head,  Cuttyhunk,  and  in  the  easterly  portion  of  the  Sotmd.  The  species  has  a  scattered 
and  probably  rather  general  distribution  along  the  shore  and  is  a  member  of  both  the 
cool-  and  warm-water  sublittoral  formations. 

THE  COOL-WATER  SUBLITTORAL  FORMATION. 

The  cool-water  sublittoral  formation  of  the  summer  OHitains  a  ntunber  of  very 
interesting  and  characteristic  algae,  some  of  which  are  limited  in  their  distribution  to  the 
exposed  waters  off  Gay  Head  and  the  reefs  of  Sow  and  Pigs.  Other  species  have  a  more 
extended  range  throughout  the  lower  portion  of  Buzzards  Bay  and  the  westeriy  portion 
of  Vineyard  Soimd.  Finally  there  is  a  group  of  species  which,  while  most  abundant  in 
the  r^ons  described  above,  are  also  f  otmd  in  other  portions  of  the  Bay  and  Sound,  where 
they  form  a  part  of  the  sublittoral  flora  characteristic  of  these  more  sheltered,  and  in 
the  summer,  warmer  waters. 

The  species  in  these  lists  preceded  by  an  asterisk  (*)  are  the  larger  or  more  abundant 
forms  which  dominate  the  formation;  species  which  are  rare  or  occasional  are  followed 
by  an  (o). 

The  most  interesting  and  noteworthy  species  in  this  formation  are  those  which  are 
especially  characteristic  of  the  cold  waters  north  of  Cape  Cod  and  have  been  recorded  only 
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south  of  the  cape  in  exposed  situations  where  they  may  be  expected  to  find  conditions 
approaching  those  of  the  north  coast.     The  list  is  as  follows: 


*Ch8etoinorpha  melagcmium. 
'*'Lammaria  digitata. 
♦Pliimaria  elegans. 
Rhodomela  subfusca. 


Actinococcus  peltfleformis  (o). 
Gymnogongrus  norvegicus  (o). 
Euthora  cristata  (o). 
♦Lomentaria  rosea. 


'*'Rliodymenia  palmata. 
♦Delesseria  sinuosa. 
Melobesia  membranacea  (o). 


Another  group  of  species  comprises  those  which  range  both  north  and  south  of  Cape 
Cod;  many  of  them  are  conspicuous  in  the  warm- water  sublittoral  formation  (b).  The 
following  are  prominent: 


Oiaetomorpha  linum. 

Cladophora  albida  var.  refracta. 

C.  gracilis. 

C.  rupestris. 

Ectocarpiis  confervoides. 

E.  fasciculatus. 

E.  siliculosus. 
^Desmarestia  aculeata. 
♦D.  viridis. 

♦Dictyosiphon  hipptiroides. 
*Chordaria  flagelHformis. 

Leathesia  diffonnis. 
*Ralfsia  clavata. 


Chorda  filtun. 
*Laminaria  Agardhii. 
♦L.  Agardhii  var.  vittata. 
^Ceramium  rubnim. 

Polysiphonia  atrorubescens  (o). 
♦P.  elongata. 
♦P.  nigrescens. 

P.  nigrescens  var.  fticoides  (o). 

P.  urceolata. 

Actinococcus  subcutaneus. 
*Ahnfeldtia  plicata. 
♦Chondrus  crispus. 
♦Phyllophora  Brodiaei. 


*Phyl]ophora  membranifolia. 

Agardhiella  tenera. 
^Cystoclonium  ptirpurascens. 
♦Cystoclonium  ptirpurascens  var. 
cirrhosum. 

Grinnellia  americana. 

Polyides  lotundus. 

Corallina  officinalis. 

Hildenbrandia  piotot3rpus. 

Lithothamnion  polymorphum. 

Melobesia  membranacea. 

M.  pustulata. 


Finally  there  is  a  group  of  species  which  are  widely  distributed  in  the  warm-water 
sublittoral.     Chief  among  them  are — 


Clado6tephus  verticillatus. 
*Antithamnion  cruciatum. 


I  *Spermothamnio8i  Tumeri. 
Rhodomela  Rochei. 


The  lists  of  species  in  the  genera  Cladophora  and  Ectocarpiis  are  undoubtedly  far 
from  complete,  for  studies  at  other  seasons  of  the  year  would  be  expected  to  give  many 
additions.  It  must  be  remembered  that  we  know  nothing  of  this  formation  in  the  lower 
portion  of  Buzzards  Bay  and  the  westerly  portion  of  Vineyard  Sound  in  the  winter  and 
spring  when  the  conditions  are  much  more  favorable  for  the  support  of  a  cool-water 
sublittoral  flora. 

The  chief  factor  which  determines  the  cool-water  sublittoral  formation  is  the 
relatively  low  temperature  of  the  bottom  water  during  the  summer  months.  The 
records  of  the  temperatures  off  Gay  Head  and  Cuttyhunk  for  the  summer,  as  well  as  for 
other  seasons  of  the  year,  are  presented  in  a  table  on  page  450,  to  which  the  reader  is 
referred.  It  is  probable  that  the  lowest  winter  temperatures  of  the  bottom  water  at 
these  points  fall  somewhat  below  35^,  and  that  the  highest  summer  temperatures  are 
close  to  60®.  This  represents  about  the  yearly  range  of  the  bottom  temperatures  off 
the  exposed  points  of  Gay  Head  and  Sow  and  Pigs,  and  in  general  of  the  extreme  westerly 
portion  of  Vineyard  Sound  and  the  deeper  water  of  the  lower  portion  of  Buzzards  Bay. 
The  cool-water  sublittoral  formation  may  then  be  said  to  endure  a  maximum  tempera- 
ture of  about  60°  for  a  short  period  in  midsummer,  but  to  live  for  most  of  the  year  at 
temperatures  considerably  lower.  Its  most  favorable  temperature  is  perhaps  close  to 
50®  or  below.  Whether  essentially  the  same  formation  is  present  during  the  winter 
is  not  known,  but  it  seems  very  probable. 
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TOE  WARM-WATER  SUBUTTORAL  FORMATION. 

A  characteristic  warm-water  sublittoral  formation  is  present  during  the  summer 
in  the  more  sheltered  regions  of  the  Bay  and  Sound — that  is,  in  the  upper  portion  of 
Buzzards  Bay  and  in  the  narrow  and  easterly  portions  of  Vineyard  Sound.  The  con- 
ditions in  these  r^ons  are  much  more  varied  than  in  the  lower  portion  of  the  Bay  and 
the  westerly  portion  of  the  Sound  occupied  by  the  cool-water  sublittoral  formation.  For 
example,  the  conditions  and  flora  of  the  upper  end  of  Buzzards  Bay  are  quite  different 
from  those  around  Woods  Hole.  Further  subdiviaons  of  the  warm-water  sublittc»al 
formation  could  undoubtedly  be  made  to  advantage,  but  it  would  be  unwise  to  attempt 
to  do  so  on  our  present  information.  Accordingly,  we  shall  treat  the  wann-water 
sublittoral  as  a  very  large  and  widely  distributed  formation,  excluding,  however,  those 
algae  which  are  characteristically  associated  with  beds  of  Zosiera  in  an  assemblage  caDed 
here  the  Zosiera  formation  (c). 

The  species  in  these  lists  (as  in  those  of  the  cool-water  sublittoral  formation) 
preceded  by  an  asterisk  (*)  are  the  larger  or  more  abundant  forms  which  dominate 
the  formation;  species  which  are  rare  or  occasional  are  followed  by  an  (o). 

The  most  interesting  and  noteworthy  species  in  the  warm-water  sublittoral  forma- 
tion are  those  which  have  not  been  reported  at  all  north  of  Cape  Cod  or  are  present 
there  only  under  exceptional  conditions.     This  list  includes  the  following  species: 


Gadophora  albida. 

Ectoc^tfpus  granulosus  var.  ten- 
uis (o). 

£.  lutosus  (o). 

E.  Mitchellae  (o). 

Cladostephus  spongiosus  (o). 
♦C.  verticillatus. 

Rhadlnocladia  Farlowii  (o). 

Striaria  attenuata  (o). 
^Arthfodadia  villosa. 

Elachista  stellaris  var.  Chordae 
(o). 

Myriactis  pulvinata  var.  minor. 

Stllophora  liiizodes  (o). 

Sargaasum  bacciferum  (o,  float- 
ing in  Sound). 
•S.  Filipcndula. 


S.  Filipendula  var.  subedenU- 
turn.  • 

Scinaia  furccllata. 
^Andthamnion  cruciatum. 

A.  cruciatum  var.  ladicans  (o). 

A.  plumula  (o). 

Callithamnion      Bailey  i      var. 

laxum. 
^.  roeeum. 

C.  teUngoaum. 

Ceramium  botryocarpum  (o). 

C.  capri-comu  (o). 
*Q,.  tenuismmum. 
♦GrifBthsia  tenuis. 

Pleonosporium  Borreri. 
^^iiospora  Griffithsiana. 


♦Spermothamninn  Tumcri. 
*Spyridia  filamentosa. 

Oiondria  dasyphylUu 

C.  sedifolia  (o). 
^Polysiphofiia  fibrilloaa. 

P.  vestita  (o). 

Rhodomela  Rochei. 

R.  virgata  (o). 

Actinococcus  aggr^atns  (o). 

Gynmogotigrus  Griffithsic  (o). 

Gracilaria  ooofervoides  (o). 

G.  multipartita. 

G.  multipartita  var.  angustism- 
ma  (o). 

Hypnea  muciformts. 

Lithothanmion  polymorphum. 


Another  group  of  species  comprises  those  which  range  both  north  and  south  of  Cape 
Cod,  some  of  them  being  also  conspicuous  in  the  cool-water  sublittoral  formation  (a). 
The  list  includes  the  following : 


Chstomorpha  linmn. 

Cladophora  albida  var.  refracta. 

C.  arcta. 

C.  glaucescens. 

C.  gracilis. 

C.  hirta  (o). 

C.  lanosa.  . 

C.  Rudolphiani;,. 


C.  nipestris. 

Bryopsis  hypnoides  (o). 

B.  plumosa  (o). 
*Ectocarpus  confervoides. 
*£.  fasciculatus. 

£.  granulosus 
*E.  siliculosus. 


Pylaiella  littoralis. 
Sphaceiaria  cirrhosa. 
S.  radicans. 

Ptmctaria  plantaginea  (o). 
Desmarestia  aculeata  (o). 
*Desmarestia  viridis. 
Dictyosiphon  hippuioides. 


E.  siliculosus  var.  hiemalis  (o).        Myriotrichia  filiformis. 
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aea  virescens. 
*aiordaiia  flagelliformis. 
*Leathesia  dififormls. 
^eaogloia  divaricata. 
^Ralfsia  clavata. 
^Chorda  filum. 

Laminaiia  Agardhil. 

Laminaria    Agardhii    var.  vit- 
tata  (o). 

Antithanmion  americantim  (o). 

Callithaiimion  Baileyi. 

C.  bysaoideum. 

C.  corymbosum. 
*Ceramium  rubrum. 
♦C.  strictum. 
*Gfiffithsia  Bometiana. 


*Chondria  tenuissima. 

C.  t^fiiiio^Smft  var.  Baileyana. 
♦Dasya  elegans. 

Polysiphonia  elongata. 

P.  fastigiata  (o). 
*P.  nlgrescens. 
♦P.  vaiiegata. 
♦P.  violacea. 

ActixKKOcctis  subcutaneus. 

Ahnfeldtia  plicata. 
*Chondrus  crisptis. 
♦PhyUophora  Broduei. 

P.  Biodifld  var.  catenata  (o). 
*P.  membranifolia. 

Sterrocolax  decipiens  (o). 


'*'Agardhiella  tenera. 

Cystodonittm  purpurascens. 

C.    purpurascens    var.    cirrho- 

sum  (o). 
^Champia  parvula. 
*I/>mentaria  uncinata. 

Rhodymenia  palmata  (o). 
*Grmnellia  americana. 

Gloiosiphonia  capillaris  (o). 

Pblyides  rotundus. 

Corallina  officinalis. 

Hildenbrandia  prototypus. 

Melobesia  farinosa. 

M.  membranacea  (o). 

M.  pustulata. 


The  warm-water  sublittoral  formation  of  the  summer  is  known  not  only  from  the 
dredgings  in  the  deeper  waters,  but  also  from  many  observations  in  the  shallow  waters 
at  a  number  of  points  at  or  near  Woods  Hole,  where  the  algal  flora  along  shore  has 
been  studied  by  the  writer  for  some  ten  summers.  Extensive  studies  along  shore  have 
not  been  possible  in  the  regions  of  the  cool-water  sublittoral  formation  (that  is,  in  the 
lower  portion  of  Buzzards  Bay  and  westerly  portion  of  Vineyard  Sound),  and  the  flora 
of  the  shallow  water  is  known  only  at  a  few  points,  such  as  Gay  Head,  portions  of  Cutty- 
hunk,  and  Penikese. 

It  is  interesting  to  note  that  a  considerable  number  of  species  in  the  above  lists  are 
restricted  wholly  or  largely  to  shallow  water  in  a  zone  from  low-water  mark  to  a  depth 
of  3  to  6  feet.  The  characteristic  algae  in  this  zone  of  the  upper  warm-water  sublittoral 
are: 


Chaetomorpha  lintun. 
Cladophora,  the  species  in  the 

above  lists. 
Ectocarpus,  the  species  in  the 

above  lists. 
Pylaiella  littoralis. 
Sphacelaria  cinhosum. 
S.  radicans. 
Punctaria  plantiginea. 
Castagnea  virescens. 
Chordaria  flagelliformis. 


Leathesia  difformis. 

Mesogloia  divaricata. 

Ralfsia  clavata. 

Chorda  filum. 

Callithamnion  Baileyi. 

C.  Baileyi  var.  laxum. 

Ceramitun  rubrum. 

Chondria  dasyphylla. 

C.  sedifolia. 

C.  tenuissima. 

C.  tenuissima  var.  Baileyana. 


Polysiphonia  fastigiata. 

P.  fibriUosa. 

P.  variegata. 

P.  violacea. 

Chondrus  crispus. 

Champia  parvula. 

Lomentaria  uncinata. 

Orinnellia  americana  (on  piles). 

Melobesia  farinosa. 

M.  pustulata. 


The  algae  listed  in  the  Zostera  formation  (c)  may  also  properly  be  included  in  this, 
the  upper  warm-water  sublittoral  formation. 

The  summer  temperature  of  the  water  is  undoubtedly  the  chief  factor  in  determining 
the  warm-water  sublittoral  formation  as  a  whole.  The  degree  of  exposure  to  wave  action 
or  tide  currents  and  the  character  of  the  attachment  are  of  course  important  factors 
affecting  the  local  distribution  of  the  algae  along  the  shores.  Thus,  the  vegetation  off 
exposed  points,  as  at  Nobska  or  on  the  ledges  in  the  passage  of  Woods  Hole,  is  subjected 
to  conditions  very  different  from  those  of  neighboring  sheltered  coves.  As  stated  before, 
the  summer  temperature  in  Great  Harbor,  Woods  Hole  (as  shown  by  daily  averages 
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covering  the  years  1 902-1 906),  passes  60**  F.  about  June  i,  holds  between  69®  and  71° 
from  about  July  1 1  to  August  28,  and  passes  60®  in  its  autumn  decUne  about  October  12. 
The  bottom  temperatures  were  taken  at  a  large  number  of  stations  in  both  the  Bay  and 
the  Sound  dtuing  the  month  of  August.  They  were  at  this  time  highest  in  the  upper 
portion  of  Buzzards  Bay,  where  71.3^  was  recorded,  while  in  Vineyard  Sound  68.8®  was 
recorded  off  Falmouth,  and  66.9®  off  the  west  end  of  the  Middle  Ground,  these  temper- 
atures becoming  in  general  lower  toward  the  mouth  of  Buzzards  Bay  and  the  westerly 
portion  of  Vineyard  Sound.  The  warm-water  sublittoral  formation  may,  then,  be  said 
to  endure  a  temperature  of  about  70®  for  midsummer,  and  its  most  favorable  temper- 
ature ic  perhaps  close  to  60®  or  above,  although  many  species  live  in  colder  water.  It 
would  be  very  interesting  to  know  to  what  d^;ree  the  place  of  the  warm-water  sublittoral 
is  taken  by  representatives  of  the  cool-water  sublittoral  as  the  temperature  of  the  water 
falls  during  the  autumn.  The  cool-water  sublittoral  might  be  expected  to  invade  the 
narrow  and  easterly  portion  of  Vineyard  Sound  and  the  upper  portion  of  Buzzards  Bay, 
but  we  have  no  data  on  this  problem. 

TOE  ZOSTCRA  FORMATION. 

There  are  a  number  of  algae  which  have  the  habit  of  growing  frequently  or  inva- 
riably attached  to  Zosiera.  They,  together  with  the  eel  grass  itself,  constitute  a  very 
clearly  defined  assemblage  which  is  here  called  the  Zosiera  formation.  It  is  really  a 
specialized  region  of  the  warm-water  sublittoral  formation,  for  the  eel  grass  vegetates 
during  the  summer  when  the  water  is  warm.  Many  of  the  species  listed  below  will 
consequently  be  found  in  the  lists  of  the  latter  formation  (e). 

Zosiera  marina,  the  eel  grass,  is  very  abundant  in  all  sheltered  r^ons  of  both  Bay 
and  Sound,  forming  thick  beds  in  shallow  waters.  It  was  frequently  found  at  inshore 
stations  of  the  survey,  and  also  at  scattered  stations  in  deeper  waters  of  the  Bay  and 
Sound  (chart  266),  being  dredged  in  2  to  13  fathoms,  over  sandy,  stony,  and  muddy 
bottoms.  The  eel  grass,  however,  prefers  shallow  water  in  coves  and  bays  or  ak)ng 
sheltered  coasts,  where  it  grows  luxuriantly,  developing  extensive  beds  in  depths  of 
2  feet  to  2  fathoms  or  more.  Under  these  conditions  the  formation  described  below 
is  frequently  developed  to  a  greater  or  less  extent.  Species  preceded  by  the  asterisk 
are  the  most  important  forms;  those  which  are  rare  or  occasional  are  designated  by  (0). 

When  the  Zosiera  grows  in  very  quiet  and  shallow  waters  the  blue-green  alga, 
AfuUxBtia  iorulosa,  is  common  on  the  mud  at  the  base  of  the  plants,  frequently  breaking 
loose  and  floating  on  the  surface  as  slimy  masses.  Lynghya  majuscula  sometimes  foms 
extenave  tufted  growths  and,  breaking  free,  also  floats  on  the  surface.  Other  blue- 
green  algae  in  the  Lyngbya  salt-marsh  association  (i)  may  be  present.  Hydrocoleum 
gluiinosum  and  Gloeocysiis  zosiericda  form  coatings  on  the  leaves,  and  Enteromorpka 
ckUhraia,  E.  plumosa,  with  other  spedes,  and  sometimes  species  of  Cladophora,  grow  in 
loosely  attached  masses.  These  algae  are  all  forms  which  may  be  expected  in  bracldsb 
water. 

When  the  eel  grass  grows  in  more  open  or  exposed  situations  the  list  of  epiph>tes 
includes  species  which  are  never  found  in  brackish  water.  Among  these  the  following 
are  conspicuous: 
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^Cladophora  gracilis  and  occa- 
sionally other  species. 

Ascocyclus  orbicularis  (o). 
*Ectocarpus  confervoides. 

£.  penicillatus. 
*E.  siliculosus. 

Sphacelaria  cirrhosa  (o). 
^Desmotrichum  balticum  (in  the 

spring). 
*D.  undulatum  (in  the  spring), 

Pogotrichum  filiforme  (o). 
*Punctaria  latifolia. 

Rhadinocladia  Farlowii  (o). 

Giraudia  sphacelarioides  (o). 

Castagnea  virescens  (o). 
*C.  Zosterae. 


Hecatonema  maculans  (o). 

Myrionema  vulgare. 

Stilophora  rhiz  kIcs  (o). 

Erythrotrichia  ceramicola. 
*Porphyra  leucosticta  (in  the 
spring). 

Chantransia  secundata. 
*C.  virgatula. 

Antithamnion  cruciatum  (in 
deep  water). 

Callithanmion  Bailey i. 

C.  Baileyi  var.  laxum. 
*fc.  byssoideum. 
*C.  corymbosum. 
*C.  roseum. 
*Ceramium  fastigiatum. 


C.  rubrum. 
*C.  strictum. 
*C.  tenuissimum. 
*Seirospora  Griffithsiana. 
*Spyridia  filamentosa  (o). 

Chondria  dasyphylla  (o). 

Chondria  sedifolia  (o). 
*Dasya  elegans. 
*Polysiphonia  Harvey  i. 
*P.  Olneyi. 

P.  variegata  (o). 

Rhododermis  Georgii  (o). 

Melobesia  farinosa. 
*M.  Lejolisii. 


The  Zosiera  formation  endures  temperatures  considerably  higher  than  those  pven 
for  the  range  of  the  warm- water  sublittoral,  especially  where  the  eel  grass  grows  in 
coves  or  other  sheltered  stations.  Such  waters  may  remain  above  70**  F.  for  many 
days,  probably  at  times  reaching  as  high  as  75®  to  78°.  These  conditions  as  to  heat 
are  the  most  extreme  of  any  in  this  region,  except  of  course  the  small  brackish  pools 
and  ditches  of  the  salt  marshes. 

A  WINTER  SUBUTTORAL  FORMATION. 

It  is  dear  that,  as  the  temperature  of  the  Bay  and  Sound  falls  during  the  autumn, 
the  conditions  become  less  favorable  for  the  warm-water  sublittoral  flora.  Many  species 
characteristic  of  waters  south  of  Cape  Cod  pass  ot^t  of  season,  although  certain  species 
which  may  be  said  to  endure  the  stmmier's  heat  are  at  their  best  in  the  winter  season. 
A  cold-water  winter  sublittoral  formation  is  thus  developed,  which  extends  throughout 
the  Bay  and  Sound,  reaching  its  best  development  probably  in  the  late  winter  and  early 
spring. 

We  know  nothing  of  this  winter  and  spring  flora  in  the  deeper  waters  of  the  Bay 
and  Sotmd,  for  there  have  been  no  dredgings  for  algae  at  these  seasons.  The  cool-water  sub- 
littoral formation  of  the  lower  portion  of  the  Bay  and  westerly  portion  of  the  Sound  would 
be  expected  to  enter  the  more  sheltered  regions  occupied  by  the  warm-water  sublittoral 
during  the  summer,  but  how  far  it  may  extend  is  a  matter  of  conjecture.  Undoubtedly 
species  appear  which  are  not  present  in  either  Bay  or  Sound  during  the  summer,  some 
probably  developing  from  resting  spores  that  carry  the  forms  through  the  summer,  and 
others  coming  in  by  means  of  spores  brought  from  a  distance. 

It  is  probable  that  numbers  of  northern  species,  the  spores  of  which  might  be  brought 
from  a  distance,  would  be  able  to  establish  themselves,  develop  to  maturity,  and  perhaps 
pass  through  several  generations  before  the  temperature  rises  sufficiently  in  the  spring 
to  put  an  end  to  their  growth.  Species  of  Cladophora,  Ectocarpus,  and  other  rapidly 
growing  green  and  brown  algae,  reproducing  by  awDospores,  are  admirably  fitted  for  a 
periodical  winter  invasion,  and  some  of  the  smaller  red  algae  which  mature  quickly 
would  also  be  expected  to  take  part  in  such  a  migration. 

Some  observations  on  the  algal  vegetation  along  shore  in  shallow  water  have  been 
made  during  the  winter  and  spring,  and  if  these  are  indices  of  the  general  change  through- 
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out  the  sublittoral,  the  flora  of  the  bottom  of  the  Bay  and  Sound  must  be  very  different 
indeed  from  that  of  the  summer.  Especially  interesting  are  the  series  of  studies  of 
the  flora  of  Spindle  Rocks,  Woods  Hole,  which  were  made  at  intervals  throughout  a  I^ 
month  cycle  in  1904  and  1905.  These  are  described  in  the  next  section  of  this  paper. 
Such  intensive  studies  over  long  periods  of  time  are  very  much  to  be  desired  to  detenmne 
the  seasonal  changes  in  algal  floras. 

We  give  below  a  list  of  the  algae  so  far  known  to  be  present  in  the  cold-water 
sublittoral  formation  of  the  winter  and  spring: 


Monostroma  Grevillei. 

Ulva  Lactuca. 

Qifletomxpha  Linum. 

Qadophora  arcta. 

C.  lanosa. 

C.  lanosa  var.  uncialia. 

Derbesia  vauchericfbnnis. 

Ectocarptis  ccidioides. 

E.  confervoidcs. 

E.  elegans. 

E.  faadculatus. 

E.  gramilotus. 

E.  ovatus. 

E.  penicillatut. 

E.  siliculosua. 

E.  tomentosus. 

Pylaiella  littoralis. 

Sococarpus  uvseformis. 

Asperoooccus  echinatus. 


DesxDotrichtim  balticum. 
D.  undulatum. 
Po^otrichuin  filiformc. 
Pimctaria  latifolia. 
P.  plantaginea. 
Desmarestia  viridis. 
Dictyonphon  foeniculaceus. 
Giraudia  ^hacelarioides. 
Castag^nea  vireacens. 
Chordaria  flagcUifomiis. 
Hecatonema  maculans. 
If  yrionema  coruniup. 
If.  vtdgare. 
Chofda  tomentota. 
Laminaria  Agardhii. 
Haplneyora  globoaa. 
Sciq>ho8pora  Kingii. 
Erythfotrichia  ceramicola. 
Pcxphyra  laciniata. 


P.  leucosticta. 
ChanUansia  sectmdata. 
C.  virgatula. 

Antithamnion  americanum. 
Callithamnion  Baile3ri. 
Ceramiiim  nibrmn. 
Polysiphafiia  fastigiata. 
p.  iiigreaccii& 
P.  urccolata. 
Rhodomela  RocheL 
R.  subfuaca. 
Ahnfeldtia  piicata. 
Qxmdnis  criapitt. 
Sterrocolax  decipiens. 
Rhodymenia  palmata. 
Gloiosipbonia  capillaris 
Rhododermis  G^)rgii. 


The  cold-water  sublittoral  formation  accepts  a  winter  temperature,  which  for  at 
least  two  and  a  half  months  probably  averages  tmder  35®  P.,  as  indicated  by  the  records  for 
Great  Harbor,  Woods  Hole  (the  average  temperature  between  December  25  and  March 
15  for  the  years  1 902-1 906  was  below  35®).  Many  of  the  species  of  this  formation  reach 
their  best  vegetative  condition  and  fruit  during  the  spring,  and  then  pass  out  d  seasoft 
During  this  period  the  temperature  of  the  vrater  rises  steadily,  passing  60®  about  June  i. 

THE  UTTORAL  FORMATIONS. 

As  has  been  stated  before,  the  algal  growths  in  the  littoral  r^on  are  not  very 
striking  in  the  immediate  vicinity  of  Woods  Hole,  chiefly  for  these  reasons,  (i)  that  the 
tides  are  small,  (2)  that  the  shore  line  is  very  broken,  (3)  a  marked  boreal  flora  is 
absent,  and  (4)  the  scraping  of  floating  ice  in  the  winter  prevents  the  development  of 
an  extensive  littoral  flora  at  this  season.  Neighboring  coasts  exposed  sufficiently  as  to 
be  free  from  floating  ice,  as  at  Cuttyhunk,  have  heavy  growths  of  algae  in  the  winter,  but 
there  have  been  no  opportunities  for  thorough  studies  at  this  season.  These  growths 
are,  however,  undoubtedly  composed  largely  of  rockweeds  (Fucus  and  AscophyUum). 

The  littoral  formations  of  the  diflferent  seasons  at  Woods  Hole  are  of  a  very  spotted 
character,  rarely  being  so  extensive  as  to  attract  attention  and  generally  breaking  up  at 
once  into  small  associations.  Of  these  the  following  are  at  times  very  evident:  The 
Calothrix  associations  (3),  the  Rivtdaria  associations  (4),  the  Pleurocapsa  association 
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(5),  the  Ulva^  Enteromorpha,  and  Monostroma  associations  (6),  the  Ulothrix  associations 
(7),  the  PhyUiiis  and  Scytosiphon  associations  (15),  the  Fucvs  and  Ascophyllum  associa- 
tions (25),  the  Bangia  association  (27),  the  Porphyra  association  (28),  the  Nemalion 
association  (30). 

THE  PLANKTON. 

The  only  studies  on  the  plant  life  present  in  the  plankton  of  the  region  covered  by 
the  survey  have  been  those  of  Peck  (1894  and  1896),  chiefly  in  relation  to  its  value  as  a 
source  of  food,  especially  for  the  menhaden.  In  his  second  paper  Peck  (1896,  p.  356) 
records  his  observations  on  the  plankton  of  Buzzards  Bay,  describing  and  figuring  a  num- 
ber of  microorganisms  belonging  to  the  Peridinales  and  Bacillariales  (Diatomales), 
together  with  animal  forms.  His  studies  were  quantitative  rather  than  qualitative, 
and  the  identification  of  his  material  as  regards  plant  life  was  only  partial,  but  it  is 
clear  that  the  plankton  of  these  regions  is  very  abundant  and  widespread,  as  would  be 
expected  of  warm,  shallow  bodies  of  water. 
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Chapter  IV.— A  REPORT  ON  THE  ALGJE  OF  SPINDLE  ROCKS.  WOODS  HOLE 

HARBOR. 

That  many  algae  have  well-defined  seasons  of  vegetative  growth  is  well  known,  but 
there  have  been  very  few  detailed  or  intensive  studies  of  particular  regions  covering 
sufficiently  long  periods  to  give  important  conclusions.  It  is  certain,  however,  that 
there  are  seasonal  floras  which  follow  one  another  over  the  same  area  in  much  the  same 
manner  as  terrestrial  floras.  This  study  was  undertaken  in  the  hope  that  observatioDS 
on  a  particular  group  of  rocks  at  Woods  Hole  at  various  seasons  might  bring  out  some 
important  facts  on  the  life  habits  of  the  algae  of  thb  region. 

The  rocks  selected  for  the  study  seemed  particularly  well  adapted  for  the  purpose 
They  were  a  group  of  bowlders  called  by  the  writer  Spindle  Rocks  because,  lying  off 
Grassy  Ledge  at  the  entrance  to  the  ship  channel  in  the  passage  of  Woods  Hole,  they 
bore  a  light  on  an  iron  spindle.  Unfortunately  for  the  continuation  of  the  work,  the 
rocks  were  removed  during  the  summer  of  1906  by  dredging  operations  of  the  Govern- 
ment to  widen  the  ship  channel,  and  the  spindle  was  shifted  to  another  position. 

The  destruction  of  the  old  group  of  rocks  of  course  ended  the  observations,  which 
had  been  in  progress  for  15  months,  beginning  in  the  summer  of  1904  and  extending 
through  the  summer  of  1905.  The  studies  over  this  period,  however,  are  of  considerable 
interest,  since  they  cover  the  seasonal  changes  of  one  entire  year.  They  are  illustrated 
by  8  charts,  which  are  selected  from  a  series  of  10  made  during  this  period. 

Spindle  Rocks,  as  shown  on  the  charts  (267-274),  was  a  group  of  10  bowlders,  the 
smallest  having  a  length  of  about  5  feet  and  the  largest  of  about  9K  ^^t.  Some  portion 
of  each  rock  was  exposed  at  low  water  and  all  of  the  rocks  were  covered  at  high  tide.  The 
rocks  lay  to  the  north  or  right  of  the  entrance  to  the  ship  channel  leading  through  the 
passage  from  Woods  Hole  Harbor  to  Buzzards  Bay  and  were  an  outlying  portion  d 
Grassy  Ledge.  The  rocks  were  exposed  to  very  swift  tide  currents,  which  flow  through 
the  channel  at  a  rate  of  5  to  8  miles  an  hour.  The  ledge  fell  off  abruptly  on  all  sides, 
but  between  the  rocks  the  depth  was  i  to  6  feet.  The  outlines  of  the  bowlders  were 
plotted  in  a  chart  showing  their  form  and  position  as  viewed  from  above.  The  low- water 
mark  was  sketched  for  each  rock  by  a  dotted  line,  and  above  it  two  other  lines  indi- 
cating tide  marks  2  and  5  inches,  respectively,  above  low  water.  A  plate  was  made  from 
the  original  drawing  and  charts  were  printed  to  be  used  for  making  the  records.  In  the 
work  of  preparing  this  chart  the  writer  received  much  assistance  from  Mr.  F.  W.  Cu^wa. 

The  study  was  concerned  entirely  with  the  flora  over  the  tops  of  the  rocks  and 
below  low-water  mark  to  a  depth  of  3  to  6  feet.  Each  species  was  given  a  number,  and 
charts  were  plotted  at  intervals,  the  numbers  with  accompanying  notes  showing  the 
position  and  abundance  of  the  algae  over  the  rocks.  It  was  found  most  convenient  in 
practice  for  two  persons  to  take  the  record  of  the  ledge,  one  making  the  examination  and 
the  other  recording  by  number  on  the  printed  chart  the  position  of  each  species.  At 
the  end  of  the  study  the  list  of  species  was  arranged  in  the  order  adopted  in  the  Catalogue, 
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necessitating  a  new  set  of  numbers,  which  were  substituted  for  the  old.     In  all,  50  species 
were  recorded  on  the  rocks  during  the  15  months'  study,  the  list  being  as  follows: 

List  of  algcB  found  on  Spindle  Rocks, 


I.  Calothrix  scopuiorum. 


3.  Ulothrix  implexa. 

4.  Ulva  Lactuca. 

5.  Ulva  Lactuca  var.  rigida. 

6.  £nteioixx>rpha  cxinita. 

7.  Enteiotnorpha  intestinalis. 


1$.  Ectocarpus  secidioides. 

14.  Ectocarpus  confervoides. 

15.  Ectocarpus  fasciculatus. 

16.  Ectocarpus  granulosus. 

17.  Ectocarpus  ovatus. 

18.  Ectocarpus  penicillatus. 

19.  Ectocarpus  siliculosus. 
do.  Ectocarpus  tomentosus. 

21.  Soiocarpus  uvaeformis. 

22.  Desmotrichum  balticum. 

23.  Desmotrichum  undtilatum. 

24.  Phyllitis  fascia. 


37.  Porpbyra  laciniata. 

38.  Acrochsetium  secundatum. 

39.  Acrocbsetium  virgatulum.  * 

40.  Nemalion  multifidum. 

41.  Callithamnion  Bailey i. 

42.  Callithamnion  corymbosum. 

43.  Ceramium  rubrum. 


CYANOPHYCEiS. 

I    2.  Rivularia  atra. 
CHLOROPHYCEiE. 


8.  Enteromorpha  proUfera. 

9.  Cladopbora  gracilis. 

10.  Cladopbora  lanosa. 

11.  Chadopbora  lanosa  var.  tmcialis. 

12.  Codiolum  gregarium. 


PHiEOPHYCEiS. 


25.  Punctaria  plantaginea. 

26.  Scytosipbon  lomentarius. 

27.  Desmarestia  viridis. 

28.  Cbordaria  fiagelliformis. 

29.  Mesogloia  divaricata. 

30.  Myrionema  corunnse. 

31.  Chorda  filum. 

32.  Chorda  tomentosa. 

33.  Laminaria  Agardbii. 

34.  Laminaria  Agardbii  var.  vittata. 

35.  Fucus  vesiculosus. 

36.  Sargassum  Filipendula. 


RHODOPHYCEiE. 


44.  Chondria  das3rpbylla. 

45.  Dasya  elegans. 

46.  Pol3rsipbonia  fibrillosa. 

47.  Polysipbonia  urceolata. 

48.  Polysipbonia  violacea. 

49.  Cbondrus  crispus. 

50.  Cbampia  parvula. 


The  detailed  records  of  the  accompan3dng  eight  charts  (no.  267-274)  have  been 
given  in  the  legends,  and  it  is  only  necessary  in  this  account  to  present  the  most 
important  conclusions  from  the  study  of  the  rocks  throughout  the  seasons. 

During  the  winter  the  tops  of  the  rocks  were  scraped  perfectly  bare  of  vegetation, 
and  even  of  barnacles,  by  the  floating  ice  carried  back  and  forth  through  the  channel 
by  the  swft  tides.**  The  conditions  at  the  end  of  the  winter  of  1905  are  shown  in  chart 
267,  recorded  March  17,  1905.  It  is  interesting  to  compare  this  chart  with  chart  274, 
of  December  30,  1904,  which  shows  algae  well  distributed  over  the  upper  portion  of 
almost  every  rock.  That  vegetation  had  been  entirely  swept  away  in  the  two  and  one- 
half  months  elapsing  between  the  two  records,  and  no  algae  had  as  yet  formed  a  per- 
ceptible new  growth.    This  history  is  probably  that  of  every  bowlder  along  the  shore 


aThere  are.  however,  winters  at  Woods  Hole  wheo  practically  no 
flot  affected. 


floating  ice  is  present,  and  at  mch.  timet  tbe  alge  are 
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when  exposed  to  similar  ice  scraping  and  shows  deariy  why  the  littoral  flora  m  mid- 
winter is  so  little  developed  in  this  region.  Returning  to  chart  267,  it  will  be  seen  that 
the  algae  were  all  below  low-water  mark,  the  most  conspicuous  forms  being  Cerammm 
rubrum  (43)  and  Chandrus  crispus  (49),  forming  a  zone  around  the  rocks. 

The  group  of  rocks  a  month  later  presented  a  very  di£Ferent  aspect,  as  shown  in 
chart  268,  recorded  on  April  22.  Cladophora  lanosa  var.  unciaiis  (11)  had  appeared  in 
considerable  quantity  near  low- water  mark,  and  somewhat  lower  down  was  an  imperfect 
zone  consisting  of  young  growth  of  PhyUiits  fascia  (24)  and  Scytosiphon  lomentarius  (26). 
Polysiphonia  urceolata  (47)  had  appeared  well  below  low-water  marie  and  was  the  most 
conspicuous  member  of  a  zone  of  red  algae,  including  Ceramium  rubrum  (43)  and  Chondrus 
crispus  (49).  There  were  present  Sorocarpus  uvaformis,  four  species  ol  Ectocarpus,  and 
the  two  species  of  Desmotrichum,  all  new  to  the  rocks,  showing  how  quickly  sudi  algs, 
reproducing  by  zoospores,  may  establish  themselves.  A  notably  new  form  was  Chorda 
tomentosa  (32),  which  had  begun  to  appear. 

Chart  269,  recorded  May  22,  shows  the  conditions  after  another  month,  and  when  the 
spring  flora  was  at  its  full  development.  Cladophora  lanosa  var.  unciaiis  (11)  was  still 
the  dominant  green  alga,  but  Enteromorpha  inlestinalis  (7)  had  b^;un  to  appear,  and  these 
two  algae  had  extended  the  green  zone  much  higher  on  the  rocks  than  at  the  previous 
date,  April  22  (chart  268).  The  brown  zone  at  low-water  mark,  composed  chiefly  of 
Ectocarpus  penicillatus  (18),  PhyUUis  fascia  (24),  Scytosiphon  lomentarius  (26),  and 
Chordaria  flageUijormis  (28),  was  much  more  evident.  Polysiphonda  urceolaia  (47)  was 
very  conspicuous  in  the  zone  of  red  algae  below  the  brown.  Chorda  tomentosa  (32)  was 
abundant. 

Conditions  were  very  greatly  changed  after  another  month,  as  shown  in  chart  270, 
recorded  Jime  29,  the  spring  flora  having  given  place  to  the  beginning  of  the  summer 
flora.  Cladophora  lanosa  var.  unciaiis  had  entirely  disappeared,  and  the  prominent 
green  zone  above  low- water  mark  was  composed  of  Ulothrix  implexa  (3)  and  Enteromorpha 
intesHnalis  (7),  with  young  growths  of  Ulva  Lactuca  var.  rigida  (5).  The  brown  zone 
near  low-water  mark  was  now  chiefly  Scytosiphon  lomentarius  (26)  and  Chordaria  flagel' 
liformis  (28) ;  Phyllitis  fascia  was  represented  by  only  a  few  old  plants  and  Ectocarpus 
penicillatus  had  disappeared.  The  other  species  of  Ectocarpus,  Desmotrichum,  and 
Sorocarpus  uvoeformis,  as  well  as  Chorda  tomentosa,  were  also  no  longer  present.  Polysi- 
phonia urceolata  had  disappeared,  its  place  being  taken  by  Polysiphonia  violacea  (48), 
which  with  Ceramium  rubrum  (43)  and  Chondrus  crispus  (49)  chiefly  composed  the  zone 
of  red  algae  below  the  brown  zone.  Nemalion  multifidum  (40),  a  characteristic  summer 
species,  had  begun  to  appear  at  and  above  low-water  mark. 

The  typical  summer  flora  is  shown  on  chart  27 1 ,  recorded  July  22.  The  conspicuous 
green  alga  was  Ulva  Lactuca  var.  rigida  (5),  growing  in  large  patches  with  other  green 
algae  in  small  quantities.  There  was  a  well-defined  brown  zone  just  above  low  water 
composed  chiefly  of  Chordaria  flagelliformis  (28)  and  Scytosiphon  lomentarius  (26),  both 
bearing  Ectocarpus  confervoides  (14)  as  a  conspicuous  epiphyte;  PhyUUis  fascia  had  dis- 
appeared. Nemalion  multifidum  (40)  was  now  plentiful,  fringing  the  rocks  at  low-water 
mark.  Below  the  brown  zone  and  mixed  with  it  were  abtmdant  growths  <rf  Ceramium 
rubrum  (43),  Polysiphonia  violacea  (48),  and  Chondrus  crispus  (49).  Chart  272,  recorded 
September  2 ,  is  similar  to  chart  27 1 ,  but  with  certain  features  more  pronounced.    The  most 
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prominent  zone  (much  more  conspicilous  than  in  chart  271)  was  just  below  low  water  and 
composed  of  Ceramium  rubrum  (43)  and  Polysiphonia  violacea  (48),  these  two  forms 
having  taken  the  region  formerly  occupied  by  the  brown  zone.  Chart  273,  recorded  Sep- 
tember 19, 1904,  a  year  previous  to  the  last,  is  interesting  because  there  was  no  Chordaria 
flagellifonnis  that  season  and  very  little  Polysiphonia  violacea,  but  an  abundance  of 
Polysiphonia  fibrillosa  (46),  which  took  the  place  of  the  first  two  species,  forming  with 
Ceramium  rubrum  (43)  a  dense  zone  below  low-water  mark. 

The  conditions  at  the  beginning  of  the  winter  and  before  the  rocks  were  scraped 
by  floating  ice  are  shown  in  chart  274,  recorded  December  30,  1904.  This  chart  in  the 
sequence  follows  chart  273,  of  September  19, 1904,  and  precedes  chart  267,  of  March  17, 
1905,  by  two  and  one-half  months.  The  prevailing  green  alga  was  Cladophora  lanosa 
var.  uncialis  (i i),  which  had  taken  the  place  of  Ulva  Lactuca  var.  rigida  (5), so  abundant 
in  the  stunmer,  but  now  only  represented  by  the  bases  of  old  plants.  The  brown  zone 
was  composed  of  Phyllitis  fascia  (24)  and  Scytosiphon  lomentarius  (26) ;  there  was  no 
Chordaria  flagelliformis.  Ceramium  rubrum  (43)  was  abundant  below  the  brown  zone 
but  Polysiphonia  fibrillosa  (46)  had  almost  disappeared.  Two  species  of  Ectocarpus  were 
present,  together  with  several  other  epiphytic  brown  and  red  algae. 

A  close  study  of  this  series  of  charts  will  show  very  graphically  the  general  nature 
and  extent  of  the  seasonal  changes  that  must  take  place  on  very  many  ledges  and  groups 
of  rocks  along  the  coast,  and  similar  seasonal  changes  would  be  expected  wherever  there 
is  a  well-developed  littoral  and  sublittoral  flora  near  low-water  mark.  Intensive  studies 
of  this  character  of  well-chosen  situations  are  far  more  important  for  oiu:  knowledge  of 
seasonal  habits  and  algal  successions  than  random  collecting  undertaken  along  the  shore. 
It  is  much  to  be  desired  that  such  work  be  systematically  undertaken  by  those  in  a 
position  to  make  detailed  records  over  extended  periods.  Perhaps  this  brief  record  of  a 
study  (abruptly  terminated  by  the  destruction  of  the  selected  station),  which  shows 
such  interesting  results,  will  lead  others  to  make  similar  investigations. 

In  conclusion  we  wish  to  acknowledge  our  indebtedness  to  Miss  Lilliftn  J.  MacRae, 
who,  with  the  assistance  of  Mr.  Collins,  made  the  records  of  several  charts  at  seasons 
when  it  was  impossible  for  us  to  be  at  Woods  Hole. 
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Chapter  v.— THE  DISTRIBUTION  OF  THE  MARINE  AIjG^  IN  THE  DEEPER 
WATERS  OF  BUZZARDS  BAY  AND  VINEYARD  SOUND. 

By  the  deeper  waters  of  Buzzards  Bay  and  Vineyard  Sound  are  meant  the  depths 
of  2  fathoms  or  more,  thus  excluding  the  coast  line  between  tide  marics  and  the  shallows 
just  below.  The  reader  b  referred  to  the  "Description  of  dredging  stations  occu{Med 
during  present  Survey/'  section  i,  page  201,  oi  this  report,  for  detailed  information  as 
to  th^  position  of  the  stations,  dates  of  the  dredgings,  depths,  etc.,  which  it  is  unneces- 
sary to  specify  in  this  general  account. 

The  varied  character  of  the  bottom  of  Buzzards  Bay  and  Vineyard  Sound  is  respon- 
sible for  many  peculiarities  of  the  algal  vegetation.  There  are  reefs  of  laige  bowlders  off 
certain  exposed  points,  but  frequently  the  bottom  in  such  situations  is  composed  chiefly 
of  rounded  pebbles  of  various  sizes.  Then  there  are  regions  of  gravel  often  mixed  with 
shells  and  shell  fragments,  and  large  tracts  of  sand  which  are  veritable  deserts  as  far  as 
plant  life  is  concerned.  Finally,  there  are  some  very  extensive  regions  of  black  mud, 
especially  characteristic  of  the  upper  portions  of  Buzzards  Bay;  these  are  likewise  very 
barren  of  plant  life,  except  where  beds  of  Zosiera  marina  are  present  in  relatively  shallow 
water.  These  characteristics  are  fully  described  in  section  i,  chapter  11,  pages  29-33, 
and  are  graphically  shown  on  chart  227. 

The  lists  of  species  are  arranged  after  the  plan  in  Collins'  "Preliminary  Lists  of 
Ntw  England  Plants:  V.  Marine  Algae,"  Rhodora,  volimie  11,  page  41,  1900.  That  is, 
they  are  grouped  alphabetically  in  the  order  of  the  Chlorophycex,  Phsophycese,  and 
Rhodophycex.  By  far  the  greater  number  of  species  in  the  deeper  waters  belong  to  the 
Rhodophyce»,  the  Phaeophyceae  coming  next  in  number,  and  the  Chlorophyceae  claim- 
ing only  a  small  proportion. 

The  dredgings  of  the  survey  fall  into  two  groups,  (i)  those  in  the  middle  r^cms  of 
the  Bay  and  Sound,  at  some  stations  within  one-fourth  of  a  mile  from  the  shore,  but 
generally  in  water  of  5  fathoms  or  more  in  depth,  and  (2)  those  "inshore,"  i.  e.,  imme- 
diately skirting  the  coast  line  in  water  sometimes  as  shallow  as  2  fathoms.  The  material 
in  this  account  will  for  geographical  reasons  be  grouped  under  the  following  headings: 

1 .  The  middle  regions  of  Buzzards  Bay. 

2.  The  middle  r^ons  of  Vineyard  Sotmd. 

3.  Certain  inshore  regions  of  particular  interest. 

4.  Some  statistics  rebtive  to  the  distribution  of  algae  in  Buzzards  Bay  and  Vineyard 

Sound. 

1.  THE  MIDDLE  REGIONS  OF  BUZZARDS  BAY. 

Buzzards  Bay,  for  convenience  in  this  account,  has  been  divided  into  an  upper  and 
lower  portion  by  a  line  punning  from  the  MKSt  end  of  Naushon  (Robinsons  Hole)  to 
Round  Hill  Point. 

The  upper  portion  of  Buzzards  Bay  in  the  middle  regions  has  a  very  scanty  algal 
flora.  This  is  easily  accounted  for  by  the  character  of  the  bottom,  which  for  the  most 
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part  consists  <rf  mud  or  fine  muddy  sand.  Mud  and  fine  sand  furnish  poor  attachment 
for  algae,  and  their  shifting  nature,  especially  when  disturbed  by  storms  and  tide  currents, 
give  conditions  very  unfavorable  for  algal  growth.  The  water  is  relatively  shallow  in  this 
r^on,  occasionally  more  than  7  fathoms  deep,  but  generally  under  6  fathoms.  The 
following  species  were  found  growing  in  the  upper  portion  of  the  Bay,  the  numbers  refer- 
ring to  Fish  Hawk  stations: 


Arthiocladia  villosa,  7653,  few. 

Chordaria  flageUifonnis,  7653  and  7654,  few. 

Desmarestia  aculeata,  7653  and  7655,  few. 

Desmarestia  viridis,  7653  many;  7654,  few. 

Laminaria  Agardhli,  7653  and  7654,  few. 

Ralfsia  davata,  7639,  few. 

Sazgaasum   Filipendula,   7630  (1907),   7639,  and 

7654,  few. 
Agardhiella  tenera,  7615,  7632,  7645,  7648,  7649, 

and  7650,  few. 
Callithamnion  Baileyi,  7653,  few. 
Ceramium  tenuiasimum,  7653,  few. 
Champiaparvula,  7610  (1907),  7653  and  7654,  many; 

7630  (1907),  7648  and  7651  (i907)»  few. 
Cystoclonium  purpurascens,  7653  and  7654,  few. 
Cystockmium  purpurascens  var.  cirrhosum,  7639 

and  7653,  few. 
Dasya  elegans,  7632,  few. 

The  lower  portion  of  Buzzards  Bay  presents  conditions  more  varied  than  the  upper 
portion.  The  depth  is  generally  over  8  fathoms,  and  all  of  the  stations  of  the  greatest 
depth  in  the  Bay  (10  to  19  fathoms)  are  found  in  this  region.  The  nature  of  the  bottom 
changes  near  the  entrance  of  the  Bay  from  mud  and  sand,  characteristic  of  the  upper 
portion,  to  gravel  and  stones,  present  at  a  niunber  of  stations  (7664,  7665,  7666,  7667, 
7670, 7671 ,  7672, 7673).  This  is  a  much  more  favorable  bottom  for  alg£,and  the  number 
of  species  and  total  quantity  of  vegetation  are  very  much  greater  than  in  the  upper 
portion  of  the  Bay.    The  following  species  were  found  in  the  lower  portion  of  the  Bay: 


Griffithsia  tenuis,  7633,  few. 

Grinnellia  americana,  7621,   7628,  7629  and  7648, 

many;  7615,  7624,  7625,  7630,  7632.  7634,  7635, 

7^39*  7649  a»d  7653,  few. 
Lithothamnion  polymorphum,  7621,  few. 
Lomentaria  uncinata,  7632  and  7653,  few. 
Phyllophora  Brodisd,  7610,  761 1,  7613,  7614,  7615, 

76x7,  7618,  7627  and  7654,  few. 
PhyUophora   membranifolia,    7635,    many;  76x0 

(1907),  7621  (1907),  7630.  7630  (1907).  7631.  763a» 

and  7639  (1907),  few. 
Polysiphonia  nigrescens,  7648,7654,and  7655 » many; 

7610,  7615,  7636.  7637.  7638,  7639,  7649,  and  7650, 

few. 
Bolyaiphonia  variegata,  7632,  few. 
Rhodomela  subftisca,  7639  and  7652,  few. 
Rhodymenia  palmata,  7653  and  7656,  few. 


Chorda  filum,  7656,  few. 

Chordaria  flagelliformis,  7656,  many;  7667,  few. 

I>esmare8tiaaculeata,7656, 7657, 7662, and  767  i,few. 

Desmarestia  viridis,  7665,  few. 

Dictyosiphon  hippuroides,  7656,  many. 

Bctocarpus  fasictdatus,  7656,  many. 

Laminaria  Agardhli,  7656  and  7657,  many;  7660, 

7662,  and  7663,  few. 
Laminaria  Agardhii  var.  vittata,  7670,  many;  7664, 

7665,  7666,  7667,  and  7671,  few. 
Ralfsia  clavata,  7671,  few. 
Sargassom  Filipendnla,  7657,  few. 
Agardhiella  tenera,  7661,  few. 
Ahnfeldtia  plicata,  7656,  few. 
Antithanmion  cruciatum,  7671,  few. 
Callithamnion  Baileyi,  7656,  many. 
Ceramium  nibrum,  7656,  many;  7665  and  7670,  few. 
16269® — Bull.  31,  pt  I — X3 ^31 


Champiaparvula,  7661, 7662,  and  7663,  many;  7656, 

7657,  7664,  7668,  7670,  7671,  and  7672,  few. 
Chondnis  crispus,  7656  and  7659,  many ;  7663,  7665, 

7668,  7670,  7672,  and  7673,  few. 
OoralUna  officinalis,  7663,  many. 
Cystoclonium  purpurascens,  7656,  7659,  and  7660, 

few. 
Cystoclonium  purpurascens  var.  ciirhosum,  765X 

(1907),  7656,  7659.  7662  (1907),  7664,  7666,  767a, 

and  7673,  few. 
Dasya  elegans,  7656,  7666,  7674,  and  7675,  few. 
Delesseria  sinuosa,  7664,  few. 
GrinneUia  americana,  7671,  many;  7660, 7661, 7663, 

7670,  and  7675,  few. 
Lithothamnion  pol)rmorphum,  7659,  few. 
Lomentaria  uncinata,  7671  and  7675,  few. 
Melobesia  membranacea,  7672,  many. 
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Phyllophora  Exodiaei,  7656,  many;  7663,  7673  and 

7673*  f«w. 
Phyllophora  membninifoUa,  7659  and  766a,  many; 

7657.  7660,  7663  (1907),  7664.  7666,  767a  (i907)» 

and  7675,  few. 
Pleonosporium  Borrcri,  7675,  few. 
Polyides  rottmdus,  7659,  many;  7660  and    7666* 

few. 
Polysiphonia  elongata»  7656,  766a  (1907),  7665,  and 

7675.  few. 


Polysiplionia  ni^reacens,  7659,  many;  7656,  7664, 

7666,  7668,  and  767a,  few. 
Polysiphonia  urceolata,  7670*  7673,  and  7675,  few. 
Polysiphonia  violacea,  7664,  few. 
Rhodomela  subfusca,  7656  and  7667,  few. 
Rhodymenia  palmata,  7664,  7665,  7666,  7667,  767O1 

and  7671,  few. 
Seixospora  Grifllthriana,  7660,  few. 
Spyridia  filamentoaa,  7671,  many;  7656  and  7675, 

few. 


Summarizing  this  statement  of  the  algal  vegetation  in  Buzzards  Bay,  it  may  be  said 
that  the  life  conditions  are  much  more  favorable  in  the  lower  portions  of  the  Bay  than  in 
the  upper,  since  the  bottom  is  generally  stony  and  the  water  clearer,  because  silt  and 
mud  are  less  frequent.  These  characteristics  are  graphically  shown  on  chart  227,  and 
it  will  be  noted  that  the  greater  part  of  Buzzards  Bay  has  a  muddy  bottom.  Such 
regions  in  the  deeper  waters  are  almost  deserts  as  regards  vegetation.  The  algal  flora 
of  the  upper  portion  of  Buzzards  Bay  is,  in  the  summer,  composed  of  species  character- 
istic of  the  warm-water  sublittoral  formation,  which  also  extends  somewhat  into  the 
lower  portions  of  the  Bay.  However,  the  vegetation  changes  markedly  toward  the 
entrance  of  the  Bay,  both  as  to  its  characteristics  and  its  quantity,  as  is  shown  by 
the  above  lists.  Species  appear  which  are  peculiar  to  the  cool-water  sublittoral  fonna- 
tion.  Around  the  exposed  reefs  of  Sow  and  Pigs  the  vegetation  is  typical  of  this  forma- 
tion, which  is  presented  in  even  greater  luxuriance  off  Gay  Head. 

2.  THE  MIDDLE  REGIONS  OF  VINEYARD  SOUND. 

The  conditions  in  Vineyard  Sound  differ  from  those  of  Buzzards  Bay  in  several 
respects.  The  tides  which  flow  east  with  the  flood  and  west  with  the  ebb  have  a 
velocity  of  i  to  3  knots  an  hour,  which  is  so  strong  a  current  that  extensive  deposits 
of  mud  or  fine  silt  are  generally  rendered  impossible.  The  bottom  is  in  consequence 
chiefly  hard  sand,  frequently  mixed  with  shell  fragments,  gravel,  or  stones.  There  is 
little  or  no  mud  in  the  middle  r^ons  of  the  Sound.  The  average  depth  is  somewhat 
greater  than  that  of  the  Bay,  but  not  enough  to  be  an  important  factor  in  determining 
the  character  of  the  v^etation.  There  are  no  large  areas  of  shallows  under  6  fathoms, 
as  are  found  in  the  upper  portion  of  Buzzards  Bay,  the  Middle  Ground  being  the  only 
extensive  region  ot  shoal  water,  and  that  is  composed  chiefly  ot  sand  and  is  quite  barren 
<rf  vegetation. 

Vineyard  Sound  within  the  limits  of  this  Survey  (that  is,  from  a  line  drawn  between 
the  westerly  end  of  Cuttyhunk  and  Gay  Head  to  a  line  between  Falmouth  Heights  and 
East  Chop)  has  for  convenience  been  divided  into  three  regions  as  follows:  (a)  The 
westerly  portion  from  the  entrance  to  a  line  between  the  west  end  of  Naushon  (Robinsons 
Hole)  and  Kopeecon  Point  (Cape  Higgon),  (fr)  the  narrow  portion  of  the  Sound  between 
Naushon  and  Marthas  'N^eyard  to  a  line  connecting  Nobska  Point  and  West  Chop,  and 
(c)  the  easterly  portion  of  the  Sound  from  the  last  line  to  one  between  Pahnouth  Heights 
and  East  Chop. 

The  westerly  portion  of  Vineyard  Sound  includes  large  areas  with  a  bottom  of  hard 
sand  or  sand  with  shell  fragments,  but  exceptions  to  these  conditions  were  found  at  a 
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number  of  stations  (see  chart  227).  The  greatest  depths  were  between  1 7  and  1 9  fathoms 
(chart  227),  and  the  average  for  this  portion  of  the  Sound  was  about  12)^  fathoms.  The 
following  is  the  list  of  algae  found  in  the  deeper  waters  of  the  westerly  portion  of  Vineyard 
Sound: 


Arthrocladia  villosa,  7734,  many;  7725,  7728  and 

7729,  few. 
Chorda  filum,  7567,  7571,  and  7591,  few. 
Cladostephus  verticillatus,  7717,  many;  7598  and 

7734,  few. 
Desmarestia  aculeate,  7718,  many;  7566, 7588, 7595, 

7596,  7719*  7720,  and  7730,  few. 
Desmarestia  viridis,  7731  (1907),  many;  7677,  7678, 

7706,  7707*  77io»  7725.  7728*  773o>  and  7734.  few. 
Dictyosiphon  hipptm>ides»  7725,  many;  7676,  7729, 

and  7730,  few. 
Ectocarpus  siliculosus,  7717  and  7728,  few. 
Laminaria  Agardhii,  7718,  many;  7581  (1907),  7582 

7583*  7584.  7588,  75^.  7592»  7593.  7595*  7599* 

7677,  7702,  7703,  7706,  7719,  and  7728,  few. 
Laminaria  Agardhii  var.  vittete,  7582,  7583,  7679, 

7680,  7681,  7701,  7704,  7706.  7707»  77i9»  7720' 

7723.  7724»  and  7731,  few. 
Laminaria  digitete,  7593  and  7722,  few. 
Actinococcus  subcutanetis,  7583  and  7595,  few. 
Agardhiella  tenera,  7735,  many;  7728,  7730,  and 

7734*  few. 
Ahnfeldtia  plicate,  7593,  7598,  7599,  7718,  7719, 

7720,  7721,  7724.  and  7725,  few. 
Antithamnion  cruciatum,  7724  and  7735,  many; 

7566,  7571.  7690*  7720,  7730,  and  7734,  few. 
Antithamnion  plumula,  7678,  few. 
CaUithamnion  roseum,  7725,  few. 
Ceramium  rubrum,  7721,  many;  7571,  7575,  7576, 

7589.  7593.  7676,  7680,  7701.  7704.  7710.  7717. 

7719,  7722,  7731  (1907)1  and  7734,  few. 
Ceramium   tenuissimum,   7724,   7725,   and   7726, 

many;  7730,  few. 
Champiaparvula,  7572  and  7724,  many;  7566, 7567, 

7568,  7569,  7571.  7574,  7S75»  7576,  7578.  7588, 

7676,  7703,  7725,  7728,  7729,  and  7734,  few. 
Chondrus  crispus,  7718  and  7720,  many;  7566,  7581 

(1907)*  7582,  7583.  7584,  7S8S»  7589.  7591.  7596, 
and  7731  (1907),  few. 
Corallina  officinalis,  7566,  7583,  and  7596,  few. 


Cystoclonitmi  purpm-ascens,  7720  and  7729,  few. 
Cystoclonium  purpurascens  var.  cirrhosum,  7707, 

7730,  and  7731  (1907),  many;  7585,  7601,  7676, 

7678,  7686,  7692,  7693,  7703,  7706,  7717,  7718, 

7719,  and  7722,  few. 
Dasya  elegans,  7734*  few. 
Delesseria  sinuosa,  7701,  7719,  and  7720,  many; 

7582,  7591.  7593.  7595.  7^.  7^2,  7693,  7703, 

7709,  and  7721,  few. 
Grinnellia  americana,  7734  and  7735,  many;  7575, 

7576.  7589.  7724.  7725. 7727. 7729.  7730.  and  7736, 

few. 
Lomentaria  rosea,  7593,  7708,  and  7709,  few. 
Lomentaria  uncinata,  7734  and  7735,  few. 
Melobesia  pustulate,  7582,  many. 
Phyllophora  Brodiai,  7583,  7584,  7591,  7595,  7596, 

and  7598,  few. 
Phyllophora  membranifolia,  7706,  7710, 77 191  7722, 

7725,  and  7729,  few. 
Plumaria  elegans,   7720,  many;  7584,  7719,  and 
.  7728,  few. 

Pblyides  rotundus,  7581  (1907),  7701,  and  7717,  few. 
Polysipbonia  elongate,  7685,  7701,  7723,  and  7726, 

many;  7581  (1907),  7678,  7^86,  7698,  7702,  7706, 

7709.  7717.  7724,  7725.  7727.  7728,  7730.  7731 
(1907),  and  7734,  few. 
Polysipbonia  nigrescens,   7724,   7725,   7728,  7729, 
7730.  7731  (1907).  and  7734,  many;  7581  (1907), 

7717,  7718,  and  7726,  few. 

Polysipbonia  vi^acea,  7681,  7704,  and  7721,  few. 
Rhodomela  Rochei,  7731  (1907),  few. 
Rhodymenia  palmate,  7567,  7569,  7578,  7582,  7584, 

7585.  7588.  7591.  7593.  7595»  77©!.  7703,  77o8, 

7718,  7719,  7720,  7723,  7724,  7728,  7729,  and 
7731  (1907).  few. 

Seirospora  Oriffithsiana,  7728,  many;  7729,  few. 
Spermothamnion  Tumeri,  7585,  7588,  7589,  7598, 

7717,  and  7719,  few. 
Spyridia  filamentosa,  7724,  7725,  7726,  and  7735, 

many;  7571,  7572,  7588,  and  7720,  few. 


It  is  an  interesting  fact  that  the  growths  of  algae  are  most  luxuriant  nearest  Gay 
Head,  the  Cuttyhunk  side  of  Vineyard  Sound  in  the  deeper  waters  being  very  barren  of 
vegetation.  The  depth  is  nowhere  sufficiently  great  to  be  an  important  factor  in 
determining  the  distribution  of  the  algae,  for  stations  7719  (17  fathoms),  7582,  7583,  and 
7584  (all  about  15  fathoms)  gave  a  large  variety  of  species  in  considerable  quantity. 
Gravelly  and  rocky  bottoms  generally  have  the  greatest  quantity  of  vegetation.  The 
dredgings  determined  the  presence  of  extensive  areas  of  sand,  which  support  little  or 
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no  eigsl  life.  The  mo6t  important  of  these  were  around  the  following  groups  ci  stations: 
(7^77 f  7592);  (7708,  7709.  7590);  (7679.  7681.  7702);  (7577.7597*7682,  7698,  7699. 
7700,  7727);  (7573,  7574.  7695);  (7569,  7570,  7736). 

Proceeding  eastward  into  the  Sound  from  the  entrance  the  most  marked  diange  in 
the  algal  life  is  the  appearance  of  such  species  as  Artkrocladia  villosa.  Chorda  fUwm, 
Dictyosiphon  hippuroides^  Agardhiella  tenera,  Ceramium  ienuissimum,  Ckampia  panmla, 
and  Grinnellia  americana.  These  were  not  found  in  the  deeper  waters  at  the  entrance  of 
the  Sound,  but  were  all  fairly  abundant  eastward,  Agardhiella,  Champia,  and  GrimmdHa 
being  very  characteristic  of  the  Sound  flora  from  this  point  on. 

The  most  striking  feature  of  the  summer  flora  in  the  deeper  waters  at  the  entrance  of 
Vineyard  Sound  is  the  presence  in  con^derable  quantity  of  certain  species  restricted 
wholly  or  almost  wholly  to  the  more  open  waters  included  in  the  survey.  Promineiit 
among  these  are  Laminaria  Agardhii  var.  vittaia,  Laminaria  digitata,  Delesseria  smucsa, 
Lameniaria  rosea,  Plumaria  elegans,  and  Rhodymenia  palmata.  Considered  as  a  whole, 
the  flora  at  the  westerly  entrance  of  Vineyard  Sound  takes  its  chief  interest  from  the 
presence  of  species  peculiar  to  the  cool-water  sublittoral  formation. 

The  narrow  portion  of  Vineyard  Sound  will  now  be  described.  This  lies  between 
the  islands  of  Naushon  and  Marthas  Vineyard  and  may  be  included  between  a  line 
drawn  from  Kopeecan  Point  to  the  west  end  of  Naushon  (RoUnsons  Hole)  and  a  line 
from  West  Chop  to  Nobska  Point.  The  bottom  is  much  more  varied  (see  chart  227) 
than  in  the  westerly  portion  of  the  Sound,  which  in  the  deeper  waters  is  almost  entire^r 
hard  sand.  There  are,  however,  some  extensive  areas  of  sand  adjacent  to  similar 
r^ons  in  the  westerly  portion  of  the  Sound,  and  the  region  between  the  Middle  Ground 
and  Marthas  Vineyard  is  likewise  sandy.  A  few  stations  (7554,  7564,  and  7697)  pre- 
sented a  muddy  bottom.  All  other  stations  comprising  the  greater  part  of  the  middle 
r^on  of  this  portion  of  the  Sound  showed  a  bottom  of  gravel  or  gravel  and  stones. 
The  general  character  of  the  bottom  may  be  described  as  variegated,  areas  of  gravd 
l3ning  next  to  areas  of  sand  or  (A  large  pebbles,  the  distribution  of  the  sand  being  deter- 
mined in  all  probability  largely  by  the  varied  flow  and  scouring  of  the  tidal  currents. 
The  g^reatest  depths  were  from  15  to  17  fathoms;  the  average  depth  about  10  fathoms. 

The  following  algae  were  found  in  the  deeper  waters  of  this,  the  narrowest  portion 
of  the  Sound: 


Arthrocladia  villosa,  7733  many;  39  and  773a,  few. 
Chorda  filum,  7542bis,  7551,  7557,  and  7559,  few. 
Giordaria  flagelliformis,  7534  and  7535,  few. 
Cladostephus  vertidllatus,  7535bis,  7744,  and  7753, 

few. 
Desmarestia  acnleata,  7739,  few. 
Desmarestia     viridis,     7525613,    many;     7522bis, 

7524bis,  7543bis,  and  7549  (1907),  few. 
Ectocarpus  siliculosis,  75a5bi8,  few. 
Laminaria    Agardhii',    j$2$hiB,  many;    7524bis, 

7532bis,  7533^18,  753^.  754i»  75S7»  7732»    7739* 

7740,  and  7749,  few. 
Mesogloia  divaricata,  7548,  few. 
Ralfsia  clavata,  7534bis,  few. 
Sai^assum   Pilipendula,    7525bis,    7S33bis.    7S37» 

755i»  75S4»  7555'  7557»  7740,  7742,  7744,  7749* 

and  7750,  few. 


Actinococcus  subcutaneus,  752 ibis  and  7525bls, 

many;  7522bis  and  7525bis,  few. 
Agardhiella  tcnera,  7525bis,  many;  7533,  7533bis 

7535»    753^f    7537»    754©,    754i»    754ibis,    7542, 

7543his,  7553,  7559»  75^2.  7733»  7744.  775i.  7753. 

and  7754,  few. 
Ahnfeldtia  plicata,  7524bis  and  7525bis,  few. 
Antithamnion  cruciatum,    7543bis  and  7554IMS, 

many;  752ibis,  7522bis,  7523bis,  7533bis,  754ibis, 

7732,  7744,  and  7745.  f«^- 
Callithamnion  Baileyi,  7523,  few. 
Callithamnionroaeimi,  752  ibis,  7744,  and  7754,  few. 
Ceramium  fastigiatum,  7542  and  7548,  few. 
Ceramium  nibrum  7542, 7551, 7551  (1907),  and  7557, 

many;  7524,  7525.  754ibis,  7548,  7554, 7559. 75^, 

7565bi8.  7732.  7733,  7739,  7746,  and  7749.  few. 
Ceramium  strictum,  7746,  few. 
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Ceramium  tenuissimum,  754abi8,  many;   753obis, 

754ibis,  7S54bis,  7559,  and  7s65bis,  few. 
Champia  parvula,  7S49bis,  7732,  7733,  7745*  7749. 

7752,  and  7754,  many;  7521,  7521  (1907),  7523bis, 

7525.  752Sbis,  7526  (i907)»  7533^13,  7534,  754i» 

7S4ibis.  7542, 7542  (1907).  7543  (i907)»  7547»  7549 

(1907),  7551.  7551  (1907),  7553.  7554,  7554bis. 

7557,  7559.  7560,  7562,  756sbis,  7739,  7741.  7746, 

and  7753,  few. 
Chondrus  crispus,  7521  (1907),  7533^18,  and  7749, 

many;  7523tWf  7524bis,  7525bis,  7536.  7S42bis, 

7554;  7554bis,  7560,  7561.  7562,  7732,  7739,  and 

7746,  few. 
Corallina  officinalis,  753ibis,  many. 
Cystoclonium    purpurascens,     7524bis,     7525bi9, 

7542  (1907),  and  7549  (1907),  few. 
Cystoclonium   purpura^ens   var.  cirrhostmi,  39, 

7523,  7534,  and  7740,  few. 
Da^a  elegans,  7733,  7751,  and  7753,  few. 
Delesseria  sinuosa,  39,  few. 
Gracilaria  multipartita,  7554bis,  few. 
Griffithsia  Bometiana,  7S33bis,  7749,  and  7754,  few. 
Grinnellia  americana,  7542  and  7733,  many;  7521, 

7521  (1907),  7525^13,  7527.  753ibis,  7536,  7537, 

7540,  7541,  7546,  7547,  7549,  7551,  7553,  7554, 

7556bis,  7557,  7559,  7560,  7562,  7s6sbis,  7732, 

7737,  7741,  and  7753,  few. 
Hildenbrandia  prototypus,  7544bis  and  7547bis, 

many;  7533bis,  7546bis,  and  7747,  few. 
Lithothamnion    pol)rmorphum,   7524bis,   7525bis, 

7533bis, 7534bis,and  7544bis,  many;  7534, 753sbis, 

7539,  7539bis,  and  7752,  few. 

The  narrow  portion  of  Vineyard  Sound  as  well  as  the  westerly  portion  presents 
some  large  areas  practically  devoid  of  vegetation  for  the  reason  that  the  bottom  is 
sandy.    The  chief  of  these  regions  are  around  stations  (7556,  7562,  7563,  7564,  7565, 

7697)1  (7547.  7549,  7550,  7551,  7552,  7553),  (7536,  7539,  7543,  7544,  7545,  7736,  7737). 
(7530,  7531),  (7521,  7522,  7527,  7528,  7529,  7532,  7533). 

The  more  varied  character  of  the  bottom  in  the  deeper  waters  of  the  narrow  portion 
of  the  Sound  gives  a  larger  representation  of  algae,  both  in  abundance  and  in  number  of 
species,  than  the  westerly  portion.  Certain  species  appear  which  were  not  noted  or  were 
uncommon  in  the  deeper  waters  of  the  westerly  portion:  Chordaria  flageUifarmis, 
Mesogloia  divaricata,  Sargassum  FilipendtUa,  Ralfsia  clavata,  CaUithamnion  Baileyi, 
Ceramium  fastigiatum,  Ceramium  strictumy  Gracilaria  multipartita,  Griffithsia  Bometiana, 
Hildenbrandia  prototypus,  Liihoihamnion  polymorphum,  Melobesia  membranacea,  and 
Rhodomela  subfusca. 

Other  species  characteristic  of  more  open  waters  are  not  present  in  this  part  of  the 
Sound  or  are  very  rare;  conspicuous  among  these  are  CfuBtomorpha  mdagonium,  Lami- 
naria  Agardhii  var.  vittaia,  Laminaria  digitaia,  Delesseria  sinuosa,  Lomentaria  rosea, 
Plum^ria  elegans,  and  Rhodymenia  palmata.  Considering  the  list  as  a  whole,  the  most 
striking  features  are  the  abundance  and  widespread  distribution  of  Sargassum  Filipen- 
dula,  Agardhiella  tenera,  Ceramium  rubrum,  Champia  parvula,  Chondrus  crispus.  Grin- 


Lomentaria  uncinata,  7537, 7548,  7551,  7557,  7733, 

and  7751,  few. 
Melobesia  Lejolisii,  7525bis,  many.* 
Melobesia  membranacea,  7739,  few. 
Phyllophora  Brodiad,  7S2ibis,  7523,  7524,  7525bis, 

7526(i907),and7S33bis,many;  7522bis,  7S24bis, 

7525,  7530,  7533,  7534,  7535,  753^,  7536bis,  7537, 

7541,  754a  (1907),  7739,  7744,  and  7749,  few. 
Phyllophora  Brodisei  var.  catenata,  7521  (1907), 

many. 
Phyllophora    membranifolia,     752 ibis,     7525bis, 

753ihis,  7533his,  7739, 7740, 7742. 7744,  and  7749, 

many;  7S23bis,  7524bis,   7530  (1907),   7543bis, 

7543  (i907),7549(i907),774i,  7743, 7745,and7754, 

few. 
Polyidesiotmidus,  7752,  many;  7526  (i907),7S32bis, 

7533bis,  7536,  754ibis,  7560, 7749.  and  7751,  few. 
Polysiphonia  eloi^;ata,  7557, 7733,  7739,  7751,  7752, 

and  7754,  few. 
Polysiphonia  nigrescens,  7752,  many;  7523bis,  7549 

(1907),  7551,  and  7551  (1907),  few. 
Polysiphonia  violacea,  7523^3,  few. 
Rhodomela  subfusca,  7554bis,  few. 
Rhodymenia  palmata,  753obis,  few. 
Spermothamnion   Tumeri,  ;^525bis,    7533bis,  and 

7749,  many;  752ibis,  7524,  7526  (1907),  753obis, 

7537,  7542,  7548,  7551,  7553,  75^,  7562,  7739, 
7741,  7751,  7752,  and  7754,  few. 
Spyridia  filamentosa,  7S3obis,  7533bis,  7542,  7559, 
7562,  7741,  and  7749,  ^cw. 
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nellia  amertcana,  Phyllophora  BroduBt,  Phyllophora  membranifolia,  and  Spermotkamnicn 
Turneri;  these  species  are  found  at  12  or  more  stations  each,  and  may  be  considered 
the  dominant  forms.  The  list  in  general  clearly  shows  that  the  algae  of  the  summer  in 
the  deeper  waters  of  the  narrow  portion  of  Vineyard  Sound  belong  to  the  warm-water 
sublittoral  formation. 

The  easterly  portion  of  Vineyard  Sound  ^  included  in  this  Survey  is  a  triangular 
region  between  a  line  drawn  from  Nobska  Point  to  West  Chop  and  a  line  between  Fal- 
mouth Heights  and  East  Chop.  The  bottom  here  is  much  more  stony  than  in  the 
westerly  portion  of  the  Sound  (see  chart  227).  While  there  is  considerable  sand  in  spots, 
there  are  no  sandy  areas  so  extensive  as  to  include  several  stations.  This  region,  there- 
fore, may  be  described  in  general  as  gravelly,  stony,  and  rocky,  with  sand  in  spots. 
The  greatest  depths  were  about  13  fathoms  (chart  227),  the  average  about  9  fathoms. 

The  following  algae  were  found  in  the  easterly  portion  of  the  Sound : 


Arthiocladia  villosa,  7755,  few. 

Cladostephus  verticillatus,  7760,  7771,  and  7779, 

few. 
Dictyosiphon  hippuioides,  7760,  few. 
I^aminaria  Agardhii,  7755,   7767,   7775,  and  7776, 

few. 
Ralfsia  clavata,  7780,  few. 
Sargassum  Filipendula,  7755,    7760,    7763,    7764, 

7766,  7767,  777a.  7775»  7776,  7778.  7780.  7781. 

and  7783,  few. 
Sphacelaria  cirrhosa,  7760  many;  777a,  few. 
AgardhieHa  tenera,  7778  many;  7755,  7758,  7760. 

7763.  7763  (1907).  7764.  7765*  7766,  7766  (1907). 

7771.  7773,  7775,  7777,  7779,  7780,  7781,  778a,  and 
7783,  few. 

Ahnfeldtia  pticata  7760,  few. 

Antithamnkm  cniciatum,  7764,  7768,  7770,  777a, 

7773,  and  7774,  many;  7757.  7760,  7765.  7766. 

777i»  7774,  7779.  «nd  7780,  few. 
Callithamnion  Baileyi,  7768  and  7773,  many;  7778, 

few. 
Callithamnion  losenm,  77JS4,  7767,  7770, 7771, 777a, 

7774. 7775.  and  7776,  many;  7756, 7759, 7766, 7768, 

7769. 7773,  7778,  7779»  773o,  7781,  and  778a.  few. 
CalliUiamniontetragonum,7764, 776s,and  7766,  few. 
Ceramium  rubrum,  7755,  many. 
Ceramium  strictum,  7763  and  7764,  few. 
Ceramitmi  tenuiflsimum,  7777  and  7783,  many ;  7781, 

few. 
Champiaparvula,776o,  7764, 7775,  and  7776,  many; 

7756,  7757,  7758,  7759-  7763,  77^3  (1907),  7765. 

7766,  7767,  7769.  7770,  7771,  777a,  7774.  7777, 

77781  7779,  7780.  7781,  7783,  and  7783.  few. 
Chondria  dasyphylla,  7755,  7774,  7777,  7778,  7781, 

7783,  and  7783,  few. 
Chondniscrispus,  7764,  7766,  and  7768,  many;  7759, 

7760,  7763  (1907),  7765,  7767,  7769.  7770,  7771, 

7772,  7777t  7779,  and  7781,  few. 


Cystoclonium  purpmasceas,  7760,  few. 
Dasyaelcgans.  7775.  many;  7755,  7768,  7770.  7777, 

7778,  7779.  7780,  7781,  778a,  and  7783.  few. 
Gracdlaria  multipartita,  7766,  few. 
Griffithsia  Bometiana,  7755,  7778,  and  778a,  lew. 
GrinneUia  americana,  7755.  7756,  7758,  7759. 7760* 

7763.  7764,  7766.  7767,  7768.  7771.  777a.  7774. 
7775.  7776,  7777.  7778.  7779,  7780.  7780  (1907). 
7781,  778a,  and  7783,  few. 

Hildenbrandia  piototypus,  7757,  7759,  7760,  7766, 

7777.  7778,  and  7780,  few. 
Lithothamnion  polymorphum,  7760,  many;  7757, 

7763  (1907).  7764.  7766,  7767.  77^.  777a.  and 

7778,  few. 

Lomcntaria  uncinata,  7760,  many;  7757, 7759,  7763, 

7764.  77^.  7777.  7778,  7781.  and  778a.  few. 
Melobeaia  Lejolitii,  7779,  7780.  and  778a,  many. 
Melobeaia  pustnlata,  7768  and  7770,  many;  7764 

and  7765,  few. 
Phyllophora  Brodisei,  7763  (1907)  and  7766,  few. 
Phyllophora  membranifolia,  7770  and  7775,  many; 

7755.  7759.  7760,  7764.  7765,  77<>6.  7768.  7769. 

7772.  7774,  7780P  7783,  and  7783,  few. 
Bolyides  rotundus,  7759  and  7766,  few. 
Polysiphonia  elongata,  7760,  7766, 777a,  and  7780, 

few. 
Polysiphonia  fibrillosa,  7759,  few. 
Polysiphonia  Harveyi,  7778,  7779,  7780,  7781, 7782, 

and  7783,  few. 
Polysiphonia  nigreacens,  7760  and  7763  (1907),  few. 
Polysiphonia  violacea,  7780,  few. 
Rhodymenia  palmata,  7755,  few. 
Spermothamnion  Tumeri,  7764,  7770,  777a,  and 

7775,  many;  7755.  7759,  7760,  7763.  7771,  7774. 

7777.  7779.  7780,  7781,  and  778a.  few. 
Spyridia  filamentosa,  7776,  many;  7759, 7760, 7763, 

7763  (1907),  and  7783,  few; 


a  As  ftated  before,  this  reKum  might  be  constdered  as  within  the  limits  of  Xanturkct  Sound  if  an  arbitrary  fine  were  damrn 
between  tliis  body  of  water  and  Vineyard  Sound. 
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The  proportionate  amount  of  algal  life  was  very  much  greater  in  the  deeper  waters 
of  this,  the  easterly  portion  of  Vineyard  Sound,  than  in  the  other  regions,  and  there 
were  no  extensive  barren  areas.  The  character  of  the  algal  flora  was  essentially  similar 
to  that  in  the  narrow  portion  of  the  Sound.  The  following  species,*  however,  present  in 
the  narrow  portion,  were  not  observed,  although  it  is  probable  that  all  of  the  forms 
occur  at  times  in  this  region: 


Chorda  filum. 
Chordaria  flagelliformis. 
Desmarestia  aculeata. 
Desmarestia  viridis. 
Ectocarpus  siliciilosus. 
Mesogloia  divaricata. 
Ralfsia  clavata. 


Actinococcus  subcutanetis. 

Ceramium  fastigiatum. 

Corallina  officinalis. 

Cystoclonium  pnrpurascens  var.  cirrhosum. 

Melobesia  membranacea. 

Rhodomela  subf  usca. 


Some  algae  were  found  which  are  not  recorded  in  the  previous  lists:  Sphacelaria 
cirrhosa,  CaUithamnion  tetragonum^  Chandria  dasyphylla,  Melobesia  LejolisU,  Polysiphoma 
fibrtUosa,  and  Polysiphonia  Harveyi,  However,  most  of  these  latter  were  in  small  quan- 
tities, and  the  Melobesia  Lejolisii  and  Polysiphonia  Harveyi  occur  in  relation  to  beds  of 
Zostera.  The  summer  algal  flora  of  the  easterly  portion  of  Vineyard  Sound  is  clearly 
representative  of  the  warm-water  sublittoral  formation. 

3.  CERTAIN  INSHORE  REGIONS  OF  PARTICULAR  INTEREST. 

It  would  be  impossible  in  the  limits  of  this  paper  to  describe  in  detail  the  character 
of  the  vegetation  along  the  entire  coast  line  of  Buzzards  Bay  and  Vineyard  Sound  as 
determined  from  the  dredgings  at  the  inshore  stations.  There  are,  however,  certain 
regions  of  particular  interest  because  of  various  ph3rsiographical  peculiarities,  and  of 
these  the  following  will  be  briefly  .described:  (i)  Gay  Head  and  vicinity,  (2)  the  reefs 
of  Sow  and  Pigs,  (3)  the  passage  of  Woods  Hole,  (4)  Robinsons  Hole,  (5)  Quicks  Hole, 
(6)  Menemsha  Bight,  (7)  Tarpaulin  Cove,  (8)  Vineyard  Haven,  (9)  Cove  west  of  Cutty- 
hunk  Neck,  (10)  the  Middle  Ground. 

(l)   GAY  HEAD  AND  VICINITY. 

The  most  interesting  region  in  the  limits  of  the  Survey  with  respect  to  algal  life  is 
that  around  Gay  Head.  This  area  presents  a  greater  luxuriance  of  growth  and  variety 
of  species  than  any  neighboring  region,  chiefly  on  accotmt  of  the  varied  character  of  the 
bottom  and  also  because  a  number  of  forms  characteristic  of  cold  waters  are  able  to 
live  on  the  exposed  reefs  and  ledges.  Conspicuous  among  these  are  Laminaria  digitaia, 
Delesseria  sinuosa,  Gymnogongrotis  norvegicus,  Lomentaria  rosea,  Plumaria  elegans,  and 
Euthora  crisiata,  Euthora  cristata  was  dredged  by  W.  G.  Farlow  off  Gay  Head  in  8  to  10 
fathoms  in  September,  1871 ,  but  we  have  not  been  fortunate  enough  to  find  this  striking 
species,  indicating  that  it  is  not  common.  The  conditions  under  which  most  of  the 
atgse  of  this  region  live  are  clearly  those  of  the  cool-water  sublittoral  formation. 

The  r^on  is  complex  and  there  are  at  least  three  clearly  defined  zones.  The  first 
zone  (stations  50  and  51)  is  in  shallow  water  and  includes  large  rocks,  some  of  which 
rise  above  the  water,  with  sandy  areas  between  them.    The  second  zone  (stations  44 
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to  49)  comprises  various  reefs  that  lie  off  Gay  Head,  and  espectaOy  the  ledge  known 
as  Devils  Bridge;  these  rocks  are  in  2  to  5  fathoms  and  the  bottom  between  them  is 
sandy.  The  third  zone  (stations  56-60,  7581  and  7731)  is  in  deeper  water  outside  of 
the  reefs  and  has  a  rodcy,  gravelly,  or  sandy  bottom  in  5  to  12  fathoms.  These  zones 
will  be  considered  in  order. 

The  first  zone  (stations  50  and  51)  in  shallow  water  was  studied  August  9»  1904. 
It  comprised  the  following  species,  chiefly  growing  on  rocks: 


Calothrix  scopulorum  (on  piles). 
duetomorphsL  area  (on  piles). 
Cladophora  albida  var.  refhicta. 
Enteionxxpha  intestinalis. 
Enteiomorpha  piolifera. 
Ulva  Lactuca  var.  rigida. 
Oiordafilum. 
Chordaiia  flagellifonnis. 
DeHDOtrichum  undtilattim  (on  Zostcra). 
Ectocarpus  fasciculatus  (on  larger  alg«). 
Bctocarpus  siliculomis  (on  laii^  alg«). 
Pucus  evanescens. 
Puctts  vetictilo8ci8. 

Pucus  vesiculosus  var.  sphcfocarpus. 
Laminaria  Agardhii. 
Laminaria  digitata. 


Phyllitis  fascia. 

Scytodphon  lomentarius. 

Ahnfeldtia  pUcata. 

Callithamnion  Baileyi  (on  Oboodms). 

Crfamium  rubrum  (on  Cboodnts). 

Quunpia  parvula. 

Chondnis  criqnis. 

CyBtockmlum  purpurascens  var.  diihusmiL 

Nemalkm  multifidum. 

Pleoaosporittm  Borreri  (on  luger  a]gK). 

Polysiphonia  fibriUosa. 

Polysiphonia  nigrescens. 

Polysiphonia  violacea. 

Rhodomela  subfusca  (on  piles). 

Rhodymenla  palmata. 

Spermothamnion  Tumeri. 


The  second  zone  (stations  44  to  49)  was  also  studied  August  9, 1904. 
species  is  as  follows: 


TheHstof 


Oifletomorpha  melagonium,  44  and  45,  few. 
Chorda  filum,  47  and  49,  few. 
Desmarestia  aculeata,  46,  47,  and  48,  few. 
Desmarestia  viridis,  46,  few. 
Ectocarpus  siliculosus,  44  and  45,  few. 
Laminaria  Agardhii,  44,  45,  46,  47,  and  49,  few. 
Laminaria  Agardhii  var.  vittata,  44, 45,  and  47 » few. 
Laminaria  digitata,  44  and  48,  few. 
Ahnfeldtia  plicata,  47  and  49,  many;  44, 46,  and  48, 

few. 
Ceramium  fastigiatum,  44,  few. 
Ceramium  rubrum,  44,  45,  46,  47,  and  48,  few. 
Champia  parvula,  49,  many;  44, 46,  and  47,  few. 
Chondrus  crispus,  44, 45,  46, 47, 48,  and  49,  many. 
Corallina  offidnsdis,  47,  many;  44,  45,  and  48,  few. 
Cystodonium  purpurascens,  44  and  49,  many. 
Cystoclonium  purpurascens  var.  cirrhosum,  44,  45, 

46,  and  47,  many;  48  and  49,  few. 


Belesseria  sinuosa,  45,  many;  46,  few. 

Grinnellia  americana,  49,  few. 

Lomentaria  rosea,  45,  few. 

Mek>besia  postnlata,  45,  46,  47,  and  49,  many;  44. 

few. 
PhyUopbora  Brodici,  45,  many;  44, 46, 47, 48,  and 

49.  few. 
Plumaria  elegans,  44,  few. 
Pblyides  rotundus»  46,  47,  and  48,  many;  44,  few. 
Pol)rsiphonia  ekmgata,  44  and  45,  many;  46, 47, 48, 

and  49,  few. 
Pblysipbonia  nigrescens,  49,  many;  47,  lew. 
Polysiphonia  violacea,  45  and  48,  few. 
Rbodymenia  palmata,  45, 46,  and  47,  many;  44  and 

48,  few. 
Seirospora  Griffithaana,  49,  few. 
Spermothamnion  Tumeri,  44,  45,  and  46,  many;  47 

and  49,  few. 


The  third  zone  (stations  56-60,  7581  and  7731)  was  studied  August  15, 1904.    The 
following  list  includes  the  species  of  the  seven  stations: 


duetomorpha  melagonium,  56,  57,  58,  and  60,  few. 

Arthrodadia  villosa,  56,  many. 

Desmarestia  aculeata,  57,  many;  56,  59,  60,  and 

7731,  few. 
Desmarestia  viridis,  57,  58,  7731,  and  7731  (1907), 

oxBny;  59,  few. 


Laminaria  Agardhii,  57,  59,  60,  7581  (1907),  and 

7731.  few. 
Laminaria  Agardhii  var.  vittata,  57  and  7731,  many; 

59  and  60,  few. 
Ralfsia  clavata,  57,  many:  56.  58,  and  59,  few. 
Ahnfeldtia  plicata,  60,  few. 
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Antithanmion  cruciattun,  56,  few. 
Antithamnion  plumtila,  57  and  58,  few. 
Callithanmion  losettm,  57,  few. 
Ceramitiin  rubrum,  57  and  7731,  many;  59  and  7731 

(1907).  few. 
Chondruscrispns,  56,  57,  and  58,  many;  59, 60,  7581 

(1907),  and  7731  (1907),  few. 
Corallioa  officinalis,  56  and  57,  many;  58,  6o»  and 

7581,  few. 
C3rstoclonium  purpurascens,  56,  57,  58,  and  59, 

many;  60,  few. 
Cystodonium  purpurascens  var.  cirrhosum,  56, 58, 

59,  and  7731  (1907),  many;  60,  7581  (1907),  and 

7731,  few. 
Delesseria  dnuosa,  56,  57,  and  58,  many;  7731,  few. 
Grinnellia  americana,  56,  many;  7581,  few. 
Gymnogongrus  norvegicns,  56,  few. 
ffildenbrandia  prototypus,  58  and  59,  many. 
Lithothamnion  polymorphum,  57,  58,  59,  and  60, 

many. 
Lomentaria  rosea,  57  and  58,  many;  56  and  59,  few. 


Melobesia  farinosa,  57  and  58,  many. 
Melobesia  membranacea,  56,  57,  and  58,  many. 
Melobesia  pustulata,  57*  few. 
Phyllophora  Biodisd,  $6, 57,  and  58,  many:  59,  few. 
Phyllophora  membranifolia,  56,  57,  and  58,  many; 

60,  few. 
Plumaria  elegans,  57,  58,  and  59,  many. 
Fblyides  rotundus,  56,  57,  58,  60,  and  7581  (1907), 
•  few. 

Polysiphonia  atiorubescens,  56,  many. 
Polysiphonia  elongata,  56,  59,  and  7731,  many;  60, 

7581  (1907),  and  7731  (i907)»  few. 
Polysiphonia  nigrescens,  60  and  7731,  many;  59, 

7581  (1907),  and  7731  (1907),  few. 
Rhodomela  subfusca,  56,  few. 
Rhodomela  Rochei,  7731  (1907),  few. 
Rhodymeniapalmata,  59,  many;  60  and  7731  (1907), 

few. 
Scinaia  furcellata,  57,  few. 
Spermothanmion  Tumeri,  56,  57,  and  58,  many; 

59»  ^ew. 


(2)  THE  REEFS  OF  SOW   AND  PIGS. 

The  bottom  around  the  reefs  of  Sow  and  Pigs  (stations  35, 36  and  37),  l3dng  off  Cut- 
tyhunk,  has  an  algal  flora  noteworthy  for  the  presence  of  such  species  osDelesseria  sinuosa, 
Lomentaria  rosea,  and  Plumaria  elegans,  forms  which  are  also  characteristic  of  the  ledges  off 
Gay  Head  and  are  members  of  the  cool-water  sublittoral  formation.  The  quantity  of 
algae  is,  however,  not  great.  An  examination  of  the  reefs  themselves,  although  difficult, 
would  doubtless  prove  interesting.  There  were  considerable  amounts  of  Corallina 
officinalis  (35,  36,  37),  Delesseria  sinuosa  (35,  36),  Phyllophora  Broduei  (35,  36,  37),  and 
Plumaria  elegans  (36,  37),  and  in  addition  relatively  few  plants  of  Chmtomorpha  melago- 
nium  (37),  Ectocarpus  fasciculatus  (^j) , Laminaria  Agardhii  var.  vittaia  (36, 37),  Ahnfeldtia 
piicata  (36),  Ceramium  rubrum  (37),  Cerarmum  ienuissimum  (35),  Chondrus  crispus  (35, 
36),  Cystodonium  purpurascens  var.  cirrhosum  (35,  36,  37),  Lithothamnion  pdymorphum 
(35),  Lomentaria  rosea  (37),  Melobesia  pustulata  (36),  Rhodymenia  palmata  (36),  and 
Spermothamnion  Turneri  (35). 

(3)  THE  PASSAGE  OF  WOODS  HOLE. 

The  easterly  side  of  the  passage  <rf  Woods  Hole  (station  122)  off  the  end  of  the  hook- 
shaped  point  of  land  called  Penzance  (Long  Neck)  has  a  sand  and  gravel  bottom  in  4  to  5 
fathoms.  The  following  species  were  found  in  small  quantities :  Champia  pannda,  Dasya 
eleganst  Griffithsia  Bometiana,  Grinnellia  americana,  Phyllophora  Brodiai,  Polysiphonia 
nigrescens f  Rhodomela  Rochei,  and  Seirospora  Griffithsiana, 

The  westerly  side  of  the  passage  off  Uncatena  Island  (station  118)  on  a  bottom  of 
sand  and  shells  showed  small  quantities  of  Chordaria  flagelliformis,  Ceramium  rubrum^ 
Chondrus  crispus,  Cystodonium  purpurascens,  and  Lomentaria  uncinata.  Off  the  entrance 
to  Hadley  Harbor  (stations  119  and  120)  the  bottom  is  sand  and  mud,  and  appears 
to  support  no  algal  life. 
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The  main  channel  near  Hadky  Rock  (station  121)  has  a  bottom  of  sand  and  stones. 
There  was  an  abundance  of  Laminaria  Agardhii,  Agardhiella  tenera,  Chondms  oris  pus  ^  and 
Gracilaria  multipartUa,  together  with  a  few  plants  of  Sargassum  Filipendula.  Dredg^ngs 
of  previous  years  have  shown  that  CaUUkamnion  roseum  grows  on  shells  in  the  narrower 
portion  of  the  passage  (Woods  Hole  proper),  and  also  Scinaia  furcelkUa.  The  passage 00 
the  south  is  bordered  by  ledges,  chiefly  submerged,  and  these  are  covered  with  heavy 
growths  of  algae.  The  reader  may  obtain  a  general  idea  of  the  character  of  the  algal 
life  on  these  rocks  bordering  the  channel *from  chapter  iv,  page  476,  "A  Report  on  the 
Algae  of  Spindle  Rocks,  Woods  Hole  Harbor,"  a  small  group  of  rocks  (destroyed  in  the 
summer  of  1905)  that  formerly  lay  between  Grassy  Ledge  and  Red  Ledge.  These  sub- 
merged ledges  are  difficult  to  study,  but  detailed  examinations  of  some  of  them  carried 
on  through  various  seasons  of  the  year  would  undoubtedly  give  some  interesting  results. 

The  algal  life  on  the  bottom  of  the  harbor  of  Woods  Hole  and  in  the  two  ships'  chan- 
nels that  lead  into  it  from  Vineyard  Sound  on  either  side  of  Great  Ledge  is  very  sparse. 
The  bottom  is  hard  sand  and  sandy  mud,  unfavorable  for  extensive  growths  of  algae. 
A  haul  (station  4)  inside  of  Great  Ledge  in  2  to  5  fathoms  over  a  sandy  bottom  gave  a  few 
plants  of  AfUilhammon  cruciaium,  Ceramium  rubrum,  Chondrus  crispus,  Gracilaria  muld- 
partita,  Grinnellia  americana,  Melobesia  Lejolisii  (on  Zosiera),  and  Phyilopkara  Brodun, 

(4)   ROBINSONS  HOLS. 

Robinsons  Hole,  along  the  west  end  of  Naushon  (stations  20,  21  and  22),  has  a 
rich  algal  flora  over  a  stony  bottom  in  2  to  3X  fathoms.    There  was  an  abundance  of: 


Chorda  filum,  ai  and  23. 
Desmarestia  aculeata,  30,  ax  and  92. 
Desmarestia  viridis,  20  and  22. 
Laminaria  Agardii  var.  vittata,  21. 
Antithanmion  crudatum,  22. 
Ceramium  fasdgiatum,  20. 
Ceramium  rubrum,  20,  21  and  22. 
Chondrus  crispus,  ao,  21  and  22. 
Cystoclonium  ptupurascens,  20  and  22. 

In  small  quantities  were  found : 

Gadophora  gracilis,  20  and  21. 
Cladostephus  verticillatus,  21. 
Ectocarpus  siliculosus,  2 1 . 
Laminaria  Agardhii,  aa. 
Leathesia  difformis,  20. 
Phyllitis  fascia,  22. 
Ahnfeldtia  plicata,  21  and  22. 


Cystoclonium   purpurascens   var.  drrliosimi,    20 

and  23. 
ffildenbrandia  pfotot3rpU8,  ai  and  22. 
Lithothamnion  polymorphum,  21. 
Phyllopbora  Biodisi,  so,  az  and  aa. 
PhyUopbora  membranifolia,  22. 
Rhodymenia  palmata,  ai  and  22, 
Scinaia  furcellata,  ai. 
Spermothamnion  Tumeri,  20 


Ceramium  strictum,  20. 
Champia  parvula,  20,  az  and  aa. 
Corallina  officinalis,  20  and  21. 
Dasya  clegans,  ai. 
Lomentaria  undnata,  ai  and  22. 
Polysiphonia  fibrillosa,  20. 
Polysiphonia  nigrescens,  20  and  aa. 


Station  23,  off  the  island  of  Pasque,  at  the  entrance  to  Robinsons  Hole,  showed  the 
presence  of  much  Antithatnnion  cruciatum,  Chondrus  crispus ,  PhyUophora  n^embrani- 
foliay  Rhodymenia  palmata,  and  a  few  plants  of  Desmarestia  aculeata,  Desmarestia  viridis, 
and  Polysiphonia  elongata. 

This  flora  has  a  mixed  composition  including  forms  characteristic  of  both  the  cool- 
and  warm-water  sublittoral  formations,  indicating  that  the  summer  conditions  of  Robin- 
sons Hole  are  somewhat  midway  between  those  of  the  open  and  those  of  cne  sheltered 
waters  of  the  Sound  and  Bay. 
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(5)   QUICKS  HOLE. 

Quicks  Hole  does  not  have  so  luxuriant  a  vegetation  as  Robinsons  Hole,  probably 
because  the  bottom  is  not  so  rocky.  On  the  easterly  side  (station  27),  along  the  west 
end  of  Pasque,  in  4  to  5  fathoms  over  a  rocky  bottom,  there  was  a  rich  growth  of 
Desmaresiia  actUeaia,  Laminaria  Agardhii  var.  vittaia,  Cailiihamnion  Baileyi,  Phyllophora 
BroduBt,  Rhodymenia  palmata,  and  a  few  plants  were  found  of  Desmaresiia  viridis  and 
Cysiodamum  purpurascens  var.  cirrhosum.  The  westerly  side  (station  28  and  29)  has 
a  sandy  bottom  in  3  to  5  fathoms,  with  quite  a  different  vegetation.  There  were  found 
in  abundance  Chorda  filum  (station  29),  Desmaresiia  aculeaia  (station  29),  Desmotrichum 
undtUaium  (station  29,  on  Zosiera),  Eciocarpus  siliculosus  (station  29,  on  Zosiera), 
Melobesia  Lejolisii  (station  29,  on  Zosiera),  and  Spermothamnion  Turneri.  The  following 
were  found  in  small  quantities: 


Chordaria  flagelliformis,  39. 
Laminaria  Agardhii,  28. 
Leathesia  di£formis,  29. 
Agardhiella  tenera,  28. 
Chondnis  crispus,  29. 
Corallina  officinalis,  29. 


Cystodonium  purpurascens,  29. 
Hildenbrandia  prototypus,  28. 
Lithothamnion  polymorphum,  28. 
Polysiphonia  elongata,  29. 
Pdlysiphonia  fibrilk>sa,  29. 
Rhodomela  subfusca,  29. 


(6)   MENEMSHA  BIGHT. 


A  special  trip  to  Menemsha  Bight  was  made  on  July  17,  1905,  in  the  Genevieve  of 
the  Marine  Biological  Laboratory.  Three  hauls  were  taken,  (i)  at  the  east  end  of 
Menemsha  Bight  just  outside  of  the  fish  traps,  bottom  sandy  in  6X  fathoms;  (2}  in 
the  middle  region  between  the  fish  traps,  bottom  sandy  mud  in  5X  fathoms;  and  (3) 
about  three-fourths  of  a  mile  offshore  at  the  west  end  of  Menemsha  Bight,  bottom 
sandy  in  S}4  fathoms.    The  following  species  were  recorded : 


Chaetomorpha  Linum,  3,  few. 
Desmarestia  viridis,  2,  many;  i  and  3,  few. 
Laminaria  Agardhii,  i,  2  and  3,  few. 
Ralfsia  clavata,  3,  few. 
Sargaasum  Filipendula,  i,  few. 
Agardhiella  tenera,  i,  many. 
Antidiamnion  cruciatum,  i,  few. 
Antidiamnion  plumula,  z  and  2,  few. 
Callithamnion  roseum,  3,  few. 
Ceramium  rubrum,  2,  few. 


Champia  parvula,  3,  few. 

Cystodonium  purpurascensvar.  cirrhosum,  2,  many. 

Hildenbrandia  prototypus,  i  and  3,  few. 

Phyllophora  Brodisi,  2,  few. 

Polysiphonia  atrorubescens,  2,  few. 

Polysiphonia  elongata,  2  and  3,  many. 

Polysiphonia  fibrillosa,  2,  few. 

Polysiphonia  nigrescens,  i ,  2  and  3 ,  very  abundant. 

Seiiospora  Qriffithsiana,  i,  2  and  3,  few. 

Spyridia  filamentosa,  i,  few. 


The  most  remarkable  feature  of  this  locality  was  the  great  quantity  of  Polysiphonia 
nigrescens.  The  flora  of  these  sheltered  waters  was  clearly  representative  of  the  warm- 
water  sublittoral  formation,  a  fact  of  some  interest  considering  its  proximity  to  Gay 
Head. 

An  examination  in  the  Blue  Wing  of  the  shallow  waters  of  Menemsha  Bight,  off 
Lobsterville,  on  August  9,  1904,  showed  a  bottom  of  sandy  mud  in  3  fathoms.  Zosiera 
was  plentiful  in  spots  and  seems  to  be  establishing  itself  in  this  region;  there  was  very 
little  present  four  or  five  years  previous  (Vinal  Edwards).  There  were  great  quanti- 
ties of  Eciocarpus  siliculosus  as  well  as  Melobesia  Lejolisii  covering  the  Zosiera,  and  a 
few  plants  of  the  following  were  found:  Agardhiella  ienera,  Chondrus  crispus ,  and 
Cystodonium  purpurascens  var.  cirrhosum. 
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(7)   TARPAUUN  COVE. 

Taipaulin  Cove  proved  interesting  in  several  respects.  The  westerly  side  (station 
17)  has  a  bottom  of  sand  and  gravel  in  2%  to  4  fathoms,  and  there  was  an  abmidance 
of  Desmarestia  viridis  and  AnHthamnian  cruciaium,  and  in  small  quantities  Cladopkcra 
gracilis,  Agardkidla  tenera,  AnHthamnion  fdumtUa,  CaUiihamnion  Baileyi,  and  Grin- 
ndlia  americana;  the  dredge  brought  up  large  quantities  of  Zostera.  The  upper  end 
of  the  cove  (station  18)  in  2X  fathoms  has  a  bottom  of  mud  and  gravel  supportii^ 
extensive  beds  of  Zostera,  and  an  abundance  of  Polysiphama  nigrescens.  A  Une  dredged 
across  the  entrance  of  the  cove  (station  19)  showed  a  muddy  bottom  with  occasional 
plants  of  Polysiphonia  tUgrescens.  Hauls  made  at  the  entrance  nearest  the  lighthotise, 
July  18,  1903  (Phalarope),  showed  the  presence  of  much  Sevrosfpora  GrifjUksiana  and 
small  quantities  of  Desmarestia  viridis,  Laminaria  Agardhii,  Agardhiella  tenera,  CaUi- 
thamnion  Baileyi,  Ceramium  fastigiatum,  Ceramium  mbrum,  Champia  parvula,  and 
Grinndlia  americana, 

(8)   VINEYARD  HAVEN. 

Station  69  oflf  West  Chop,  at  the  entrance  to  Vineyard  Haven,  was  very  rich  in 
algae  and  especially  interesting  as  a  locality  for  Rhadinocladia  Farlcmi.  The  bottcnn 
was  sand  and  stones  in  $}4  to  7  fathoms  and  supported  extensive  growths  of  Zostera, 
There  was  much  of  the  following: 


Ralfsia  clavata. 

Rhadinocladia  Paiiowii  (on  Zostera). 

Sphacelaria  radicans. 

Agardhiella  tenera. 

Anti  thamnion  crudatum. 

Callithanuuon  loaeum. 

Ceramium  tentiissimum. 

In  small  quantities  were: 

Cladostephus  vertillatus. 
Desmotrichum  nndulatum. 
Ectocarpus  confervoides. 
Sphacelaria  cirrhosa. 
Ahnfeldtia  plicata. 


Hildenbrandia  pcototypns. 
Lomentaria  uncinata. 
Melobesia  farinosa. 
Melobesia  Lejolisii. 
Phyllophora  Biodici. 
I^yllophora  membranifolia. 
Spermothamnkm  Tumeri. 


CaUiihamnion  corymbosum. 
Dasya  elegans. 

Lithothamnion  polymorphum. 
Fblyides  rotimdus. 
Spyridia  filamentosa. 


Vineyard  Haven  proper  (stations  70,  71 ,  72,  and  7762)  presented  little  variety  in  its 
algal  life  but  considerable  quantities  of  certain  species.  Station  70  in  4  fathoms,  with  a 
bottom  of  stones  and  Crepidula  shells,  gave  much  Agardhiella  tenera,  Champia  parvula, 
Grinnellia  americana,  and  Lomentaria  uncinata;  in  small  quantities  were  Rhadinocladia 
FarUrwU  (on  Zostera),  Anliihamnion  crudatum,  Caliithamnion  corymbosum,  Ceramium 
strictum,  Ceramium  tenuissimum,  Hildenbrandia  prototypus,  Lithothamnion  polymor- 
phum, and  Melobesia  Lejolisii,  Station  71,  with  a  bottom  of  clam  and  pecten  shells, 
stones,  and  mud,  in  3K  fathoms,  gave  an  abundance  of  Sphacelaria  radicans,  Agardh- 
iella tenera,  Champia  parvula,  Grinnellia  americana,  Lomeniaria  uncinata,  and  PhyOo- 
phora  BroduBi.  Station  72,  stones  and  mud,  in  3  to  4  fathoms,  showed  large  quantities 
of  Calothrix  confervicola,  Sphacelaria  cirrhosa,  Agardhiella  tenera,  Champia  parvula, 
Lomentaria  uncinata,  Melobesia  Lejolisii,  and  Spermothamnion  Tumeri,  and  a  few  plants 
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of  Enteromorpha  clathrata^  Sphacdaria  radicans,  Grinnellia  americana,  and  Polysiphoma 
Harveyi.  Station  7762,  in  the  middle  of  Vineyard  Haven,  had  a  bottom  of  mud  and 
shells  in  3>^  to  4  fathoms;  there  was  an  abundance  of  Agardhiella  tenera,  Champia  par- 
vtila,  Grinnellia  americana,  Lomeniaria  uncinaia,  and  small  quantities  of  LHctyosiphon 
hippuroides,  Sargassum  FilipendtUa,  Phyllophora  membranifolia,  Polysiphoma  elongata, 
Spermothamnion  Tumeri,  and  Spyridia  filameniosa.  The  bottom  of  such  a  harbor  as 
Vineyard  Haven  always  receives  large  quantities  of  drifted  algse,  some  of  which  are  able 
to  vegetate  loosely  over  the  bottom;  conspicuous  among  these  are  Champia  parvula, 
Lomeniaria  uncinaia,  and  Spermothamnion  Tumeri,  The  shallow  regions  support 
extensive  beds  of  Zostera  marina. 

Station  7761,  oflf  East  Chop  at  the  entrance  to  Vineyard  Haven,  with  a  bottom  of 
sand,  cinders,  and  shell  fragments  in  6  to  7  fathoms,  gave  much  Sargassum  Filipendula, 
Sphacelaria  cirrhosa,  Agardhiella  tenera,  Calliihamnion  roseum,  Champia  parvula,  Lomen- 
iaria uncinaia,  Phyllophora  membranifolia,  and  Spermothamnion  Tumeri;  in  small  quan- 
tities were  Chordaria  flagellifonms,  Cladostephus  verticiUatus,  Dictyosiphon  hippwroides, 
Laminaria  Agardhii,  Chondrus  crispus,  GrifjUhsia  Bometiana,  Grinnellia  americana, 
Lithothamnion  polymorphum,  Phyllophora  BrodicBt,  Polyides  rotundus,  Polysiphoma 
nigrescens,  Rhodymenia  palmata,  and  Spyridia  filameniosa, 

(9)  COVE  WEST  OF  CUTTYHUNK  NECK. 

A  cove  west  of  Cutty  hunk  Neck  (station  loi )  proved  to  be  one  of  the  most  interesting 
stations  in  Buzzards  Bay  because  of  the  abundance  of  Arthrocladia  villosa,  A  special 
trip  was  made  July  27,  1905,  on  the  Genevieve  of  the  Marine  Biological  Laboratory,  one 
w^k  after  this  station  was  discovered,  to  determine  more  precisely  the  habits  of  this 
interesting  alga.  Four  hauls  were  carried  across  the  entrance  of  the  cove  from  south- 
west to  northeast  in  4  to  5  fathoms.  The  bottom  was  sandy,  with  quantities  of  large 
dam  shells  {Venus  mercenaria),  mussel  shells,  and  pebbles,  to  which  the  Arthrocladia 
was  attached  in  great  abundance.  The  plants  were  very  large  and  in  full  fruit  and 
supplied  the  set  distributed  in  the  Phycotheca  Boreali-Americana,  fas.  d,  no.  xxx. 
Besides  the  Arthrocladia,  there  was  much  Desmarestia  aculeata,  Laminaria  Agardhii 
var.  vittaia,  Cystoclonium  purpurascens  var.  cirrhosum,  Grinnellia  americana,  Phyllo- 
phora Broduei,  and  Polysiphonia  elongata.  In  small  quantities  were  found  Chorda  filum, 
Desmarestia  viridis,  Dictyosiphon  hippuroides,  Eciocarpus  siliculosus,  Laminaria  Agardhii, 
AntithamrUon  cruciatum,  CalliihamrUon  roseum,  Corallina  officinalis,  Polyides  rotundus, 
and  Scinaia  furcellaia. 

(10)  THE  MIDDI.E  GROUND. 

The  shallow  stretch  in  A^neyard  Sound,  known  as  the  Middle  Ground  (stations  41, 
42,  and  43),  has  a  bottom  of  sand  and  broken  shells,  2  to  ^yi  fathoms  at  station  41, 
3>i  to  6  fathoms  at  station  42,  and  2}i  to  5  fathoms  at  station  43.  There  was  no  evi- 
dence of  algal  life,  and  it  is  probably  quite  safe  to  say  that  no  algae  grow  on  these  banks 
of  shifting  sand  scoured  by  tidal  currents. 
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4.  SOME  STATISTICS  RELATIVE  TO  TJffi  DISTRIBUTION  OF  ALC£,  IN  BUZZARDS  BAY  AND 

VINEYARD  SOUND. 

It  is  a  very  difficult  matter  to  make  in  detail  a  satisfactory  comparison  of  the  algal 
flora  of  Woods  Hole  and  its  vicinity  with  those  of  other  coasts,  chiefly  for  the  reascHi 
that  the  life  conditions  are  so  diverse  in  different  sections  of  the  region  and  at  different 
seasons  that  there  are  in  reality  several  floras  to  be  considered.  These  have  been 
described  in  the  account  of  the  principal  formations  which  may  be  distinguished  (section 
u,  chapter  lu,  pages  468-475),  but  far  more  must  be  known  of  their  composition  and 
habits  at  other  seasons  of  the  year  than  the  stmimer  before  their  limits  can  be  defined 
with  exactness.  The  general  characteristics  of  the  summer  flora  of  the  warmer  waters 
of  the  region,  which  is  a  part  of  the  flora  of  Long  Island  Sound,  are  outlined  in  the 
introduction  to  section  n,  chapter  i,  pages  443  and  444. 

Comparative  studies  of  algal  floras  are  also  rendered  very  difficult  because  the  floras 
have  generally  been  described  more  with  r^^ard  to  the  variety  and  number  of  species 
than  with  respect  to  the  quantities  of  the  dominant  forms.  A  comparison  of  two  lists 
of  species  may  show  that  a  very  large  proportion,  perhaps  a  majority  of  the  forms,  are 
not  the  same,  and  yet  when  judged  quantitatively,  i.  e.,  by  the  total  mass  of  vegetation 
composed  of  species  common  to  both,  the  two  floras  might  be  considered  as  essentially 
similar.  We  have  examined  lists  of  species  published  by  surveys  or  from  stations  on  the 
Scandanavian  coast,  the  Faroes,  Denmark,  Clyde  Sea  area,  Pl3anouth,  the  Irish  Sea, 
Naples,  etc.,  and  considered  the  possibility  of  drawing  up  comparative  tables  of  floras, 
but  we  must  confess  that  to  us  there  seemed  so  little  promise  of  satisfactory  results  that 
the  work  was  not  undertaken. 

In  connection  with  the  zoological  data  presented  in  section  i,  chs^ter  in,  statistics 
were  tabulated  for  the  distribution  of  the  four  classes  of  algse  and  oi  Zoslera  marina 
as  determined  by  the  dredging  operations  in  Buzzards  Bay  and  Vineyard  Sound.  The 
results  of  that  tabulation  are  presented  below.  Of  especial  interest  are  the  statistics 
for  the  quantity  of  vegetation  over  three  types  of  bottom :  Division  A,  "sand,"  including 
bottoms  recorded  as  pure  sand  or  sand  and  shells  (excluding  bottoms  containing  stones, 
gravel,  or  mud);  division  B,  *' gravel  and  stones,"  including  records  which  list  either  (rf 
these  ingredients  singly,  or  in  combination  with  one  another  or  with  sand  (excluding 
bottoms  containing  mud);  division  C,  ''mud,"  including  bottoms  recorded  as  of  mud, 
muddy  sand,  or  sandy  mud  (excluding  bottoms  containing  gravel  or  stones,  but  including 
those  in  which  shells  are  listed).  Finally  there  is  presented  a  table  which  lists  those 
species  that  were  of  such  general  distribution  as  to  occur  at  one-fourth  or  more  of  the 
total  number  of  stations,  at  one-fourth  or  more  of  the  stations  dredged  by  the  Fish 
Hawk  and  Phalarope  in  both  the  Bay  and  Sound,  and  at  one-fourth  of  the  stations  ot  the 
three  types  of  bottom  designated  as  A,  B,  and  C.  These  tables  follow  in  the  order 
outlined  above. 

AVBRAOB   NUIIBSR  OP  GSNBKA  AND  SpBCIBS  OP   PLANTS  TaKBN  PSR   DrSDOS  HaITL  POK  THS  458 

Stations  op  ths  Regular  Ssribs. 


Groapt. 


CyaaophyoeK.. 
ChloraphyoeK. . 
Phcophyoeae . . 
RhodophyoeK. . 
Zosten  marina. 


Genoa. 


aoQ4 

t.  X 
4-3 


»-3 
4-6 

.X 
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AVBRAQS  NUMBSR  OF  GSNSRA  AND  SpBO^  OF  PLANTS  TaKBN  PER  DrBDGB  HaUL  AT  THB  FlSH  HaWK 

Stations. 


Groupei. 


Chlofophycese. 
Fhseoi^ycese . 
Rhodophycee. 
Zoatentmaiuui 


0.0a 
•  9 

3-4 
.  X 


Specks. 


0.03 
z.o 
3.6 


Buzzards  Bay. 


Genera. 


0.0s 

X.  X 

3.8 


Species. 


0.0s 

X.  X 

30 


AvBRAOB  Number  op  Gbnbra  and  Spbcibs  of  Plants  Taken  per  Dredge  Haul  at  the  Phalarope 

AND  Blue  Wing  Stations  (Inshore). 


Groups. 


Cyauophycese. . 
Oilorophycefle. . 
Phseophycese . . 
Rhodophycese. . 
Zostera  marina 


Vineyard  Sound. 


Genera.    ,    Spodes. 


0.03 

•3 
X.8 
7-7 

•3 


0.03 

•3 
a.  2 
8.4 

•3 


Buzzards  Bay. 


Genera.        Species, 


Ow  X 
X.  3 

4.8 


O.Z 


Average  Number  of  Genera  and  Species  of  Plants  Taken  at  Each  of  the  Foregoing  Groups 
OF  Stations,  the  Classes  Being  Combined. 


Stations. 


Genera. 


Spedes. 


Fish  Hawk: 

Vineyard  Sound 

Buzzards  Bay 

FhalaropeCand  Blue  Wins): 

Vineyard  Sound,  inshore 

Buzzards  Bay,  insliore. . . 

Total 


3X8 

66 


45' 


4-5 
4.0 


ZOw  X 

6.3 


5-7 


4.7 
4>a 


IX.  3 
6.8 


6.S 


Average  Number  of  Genera  and  Spewes  of  Plant;?  Taken  Upon  Bottoms  of  **Sand,"  Division 

A  (170  Stations). 


Groups. 


Cjmiophyccse. . 
Chlofophyoese. . 
Plueophyoese . . 
Rhodophyoese.. 
Zostera  marina. 
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AvsRAOS  Number  or  Gsnbka  and  Sr^cm  or  Plants  Taken  Upon  Bottoms  op  "Gravbl  and 

Stones/'  Division  B  (167  Stations). 


Oraupt. 

CnlonpliyoNe 

PtuDophyoNB 

Rhodophyoefle 

Zoitcmnftniui 


OpfyJHw 


0.09 

o.ot 

I.  a 

X-* 

5-6 

6.0 

.1 

.1 

Average  Number  op  Genera  and  Species  op  Plants  Taken  Upon  Bottoms  op  "Mud/'  Division 

C  (iia  Stations). 


Ofloop*. 

CjranophyoeK 

Clilonphyoe« 

PlHeophyoNe 

Rhodophyooe 


Species  Dredged  at  One-pourth  or  More  op  the  Stations. 

[The  lignwi  at  the  top  of  the  wihimm  ieptemit  ooeloiuth  ol  the  toUl  number  of  lUtiom  in  tmch.  gotipj 


SpKkt. 

Total 
atatloua. 

I«h 
Hawk. 

Sound 

P& 

Hawk. 

Bay. 

Phala- 
rope. 
Bay. 

4S 
BoCtom 

4a 

Bottom 

Bottoa 

Phcophyooe: 

PtmMmtU  amirsta 

JO 

t9 

so 

as 
*9 
98 
4* 

JO 

19 

JO 

•7 

19 
47 
19 
»S 

X9 
j6 
J6 

19 

T>fniiappftla  Tiridiff . . .    , 

RhodophyoeK: 

3> 

Sa 

46 
67 
5S 

Chainpia  parvula. . 

139 

75 

»i 

49 

CVralHna  <>ffldna]it 

Vry^tof  pOfli^wn  CMirimrftsocuft 

Cyatockmium  purporuccas  rar.  dr- 



Orinn^^a  ainifiirana 

140 

6a 

so 

3X 

SO 

60 

19 

Lithothainiuoa  polynorphuiii 

Phyllophwa  BrodUei 

38 

S9 

59 

Phyllophora  nmnbraniloBa 

Polyid«t  mttmdus 

Polysiphoaia  cloiigata 

1  

Polysiphonia  nignfcnu 

44 

Speraiatophyta: 

Zoftna  maiina .... 

i 
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Chart  228. — Chsetomorpha  melagonium  (Weber  &  Mohr)  KQtzing. 
Present  in  the  deeper  and  cooler  waters  off  exposed  points,  such  as  Gay  Head  and  Cuttyhunk. 
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Chart  239. — Cladostepliits  verticillatus  (Lightfoot)  Agardh. 
A  scattered  distribution  throughout  Vineyard  Sound  in  fairly  deep  water. 
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Chart  ajo.— Artfafocladta  villoM  (Hiidsoo)  Duby. 

This  species,  fonnerly  considered  rather  nrt,  is  widely  distributed  and  at 

plentiful. 


oeitain  stations  eves 
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Chart  231. — Desaiarestia  aculeata  (Limueus)  Lamomocix. 

This  laige  species  is  almost  restricted  to  the  deeper  and  cooler  waters  of  the  lower  portion  of 
Buzzards  Bay  and  westerly  portion  of  Vineyard  Sound. 
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Chart  339. — Desmarestia  viridis  (Flora  Danka)  Lamouioux. 

Presents  a  much  more  extended  range  than  Desmarestia  acuUaia  (chart  331),  being  found  in 
warmer  regions  of  Vineyard  Sound  as  well  as  in  the  cooler  waters. 
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Chart  233. — Dictyosiption  hipptifoides  (Lyngbye)  Areschoug. 
A  scattered  distribution  in  both  Buzzards  Bay  and  Vine3rard  Sound. 
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Chakt  S34.— Chorda  fihtm  (Limueni)  8tacldiou«e. 


This  fpccies,  very  conmicni  in  quiet  shallow  waten,  is  also  widely  distribtited  ia  the  deeper  waters 
of  both  Btuxards  Bay  and  Vineyard  Sound. 
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Chart  335. — Laminaria  Agardhii  Kjellman. 

Widely  distributed  in  the  lower  portioii  of  Buzzards  Bay  and  throughout  Vineyard  Sound,  pre- 
ferring the  cooler  waters. 
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Chart  336. — Laminaria  Agardhii,  var.  vittata  Setchell. 

This  characteristic  form  of  the  species  (chart  235)  is  almost  restricted  to  the  cooler  waters  of  tbe 
lower  portion  of  Buzzards  Bay  and  the  westerly  portion  of  Vineyard  Sound. 
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Chart  237. — Laminaria  digitata  (Linnaeus)  Lamotiroux. 
Local  distribution  limited  to  the  cooler  waters  off  exposed  points,  as  at  Gay  Head. 
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Chart  338. — Sargaasum  FUipendula  Agardh. 

Abundant  and  almost  restricted  to  the  warmer  and  more  sheltered  regions  of  Buzzards  Bay  and 
Vineyard  Sound. 
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Chart  239. — Antithanmion  cruciatcim  (Agardh)  NSgeli. 

Widely  distributed  in  both  Buzzards  Bay  and  Vineyard  Sound  over  stony  bottbms  that  support 
extensive  growths  of  Chondrus,  Phylhphora,  and  Polyides,  upon  which  it  is  a  common  epiphyte. 
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Chart  240. — Ceramiutn  rubrum  (Hudson)  Agardh. 

This  very  cdmmoii  species  of  the  shallow  sublittoral  zone  is  also  abundant  and  widely  distributed 
in  the  deeper  waters. 
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Chart  241. — Griffithsia  Bometiana  Farlow. 
Local  distribution  almost  restricted  to  the  warmer  waters  of  Buzzards  Bay  and  Vineyard  Sound. 


Digitized  by 


Google 


512 


BULLETIN  OP  THE  BUREAU  OP  PISHERIBS. 


Cha&t  a42. — GrifBthsia  tenuis  Agardh. 

Only  found  in  the  warm  and  sheltered  portions  of  Buzzards  Bay,  where  it  forms  laife  pattdies  loosely 
attached  over  sandy  and  muddy  bottoms. 
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Chart  343. — Pluxnaria  elegans  (Bonnemaison)  Schmitz. 
Local  distribution  limited  to  the  cooler  waters  off  exposed  points,  as  at  Gay  Head  and  Cuttyhunk. 
i6a69**--BuU.  31,  pt  i 33 
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Chart  244. — Spennothaiimkiii  Tunieri  (Mertens)  Aicscboog. 

This  ftriking  epiphyte  is  widely  distributed  in  both  Buzzards  Bay  and  Vineyard  Sound 
bottoms  that  support  growths  ol  Chondrus,  Phyllophora,  and  Polyidu. 
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Chart  245. — Spyridia  filamentosa  (Wulfen)  Harvey. 

^dely  distributed  in  both  Buzzards  Bay  and  Vineyard  Sound,  but  pcefeiring  the  warmer  waters 
of  the  more  sheltered  portions. 
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Chart  346. — Palysiphonia  ekmgata  (Hudson)  Harvey. 

Prefers  the  cooler  waters  of  the  lower  portion  of  Buzzards  Bay  and  the  westerly  portioo  of  Vineyard 
Sound,  but  presents  a  somewhat  scattered  distribution. 
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Chart  347. — Polysiphonia  siigresceiis  (Dillwyn)  Greville. 

A  species  abundant  and  widely  distributed,  growing  on  stones  and  shells  frequently  over  muddy 
bottoms,  which  accounts  for  its  presence  in  the  middle  regions  of  Buzzards  Bay. 
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Chart  248.— Polynphonia  vari^ata  (Afardh)  Zanardini. 
Restricted  to  the  warmer  waters  of  sheltered  regions  and  only  dredged  by  the  Survey  in  Buzzards 
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Chart  249.— Ahnfeldtia  plicata  (Ttimer)  Fries. 
Pref efs  the  cooler  waters  off  exposed  points. 
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Chart  250. — Chondnis  crispus  (Lixmcus)  Stackhouse. 
Widely  distributed  over  sandy,  shelly,  and  stony  bottoms. 
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Chart  351. — Phyllopliora  Brodisd  (Turner)  J.  Agardh. 

Very  generally  distributed  throughout  Buzzards  Bay  and  Vineyard  Sound  but  most  abundant  in 
exposed  situations. 
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Chart  952. — ^PhyUophora  membnnilolia  (Goodennqgh  &  Woodward)  J.  Agaidh. 

As  widely  distributed  as  PkylUpkora  Brodim  (chart  251)  tmt  appatcntly  showing  a  pttii 
more  sheltered  regions. 
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Chart  253. — Agardhiella  tenera  (J.  Agardh)  Schmitz. 
A  very  common  and  widely  distributed  species  which,  however,  prefers  warm  and  sheltered  waters. 
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Chart  954. — Cystxx:lonium  purpurascens  (Hudson)  Kfitzing. 
A  scattered  difthbution  in  both  Buzzards  Bay  and  Vineyard  Sound. 


Digitized  by 


Google 


BIOI<OGICAL  SURVEY  Of  WOODS  HOLE  AND  VICINITY. 


525 


Chart  255. — Cystoclonium  purpurascens  var.  cirrhosum  Harvey. 

This  form  of  the  species  (chart  254)  shows  a  marked  preference  for  the  cooler  waters  of  the  lower 
portion  of  Buzzards  Bay  and  the  westerly  portion  of  Vineyard  Sound. 
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Chart  956.^Champia  panmla  (Agardh)  Harvey. 
One  of  the  most  widely  distributed  algie  a£  the  region  but  preferring  warmer  and  sheltered  waters. 
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Chart  257.— LomcntaiiSi  roaea  (Harvey)  Thurct. 
Restricted  to  the  cooler  waters  off  the  exposed  points  of  Gay  Head  and  Cuttyfatmk. 
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Chart  958. — Lomctttaria  tmcinata  Mrneghini. 

In  ftrikiiig  oontrast  to  Lomentaria  rosea  (chart  957)  this  species  is  almost  restricted  to  the 
sheltered  waters  of  Buzzards  Bay  and  Vineyard  Sound,  where  it  is  widely  distributed. 
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Chart  259. — Rhodymenia  palmata  (Linneeus)  Greville. 

A  characteristic  species  of  the  cooler  waters  of  the  lower  portion  of  Buzzards  Bay  and  westerly  por- 
tion of  Vineyard  Sound. 

16269® — ^BuU.  31,  pt  I — 13 ^34 
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Chart  360.— Dekiseria  rinuoaa  (Goodenouc^  &  Woodward)  Lamouioiuc. 

A  ftrikiiig  species  practicaUy  restricted  to  the  lower  portko  of  Bussards  Boy  and  westeriy  portioa 
of  ^neyard  Sound. 
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Chart  961. — Grimiellia  ameiicana  (Agardh)  Harvey. 

This  species  is  almost  tmivefsally  distributed  thiDughout  Buzzards  Bay  and  Vineyard  Sound,  but 
prefers  the  warmer  and  more  sheltered  waters. 
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Chart  96a. — Potyidcs  lotimdus  (Gmclin)  Greville. 

Presents  a  scattered  distribution  in  Buzzards  Bay  and  Vineyard  Sound  over  sandy»  shelly,  sad 
stony  bottoms. 
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Chart  263. — Oorallina  officinalis  Limueus. 

As  dredged  by  the  Survey  the  species  shows  a  marked  preference  for  the  cooler  waters  off  exposed 
points,  as  at  Gay  Head  and  Cuttyhunk. 
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Chart  264.— Hildenbraadia  piototypus  Nardo. 
A  scattered  distributkm  in  both  Buzxards  Bay  and  Vineyafd  SotouL 


Digitized  by 


Google 


BIOI/X>ICAL  SURVEY  OP  WOODS  KOhB  AND  VldNrTY. 


535 


Chart  265. — ^Lithothamnkm  pol3miorphum  (Linnstis)  Areschoug. 
Widely  distributed  in  both  Buzzards  Bay  and  Vineyard  Sound. 


Digitized  by 


Google 


536 


BUIXBTIN  OP  THB  BURBAU  OP  PISHBRIBS. 


Chart  366.--Zostefa  manna  Liniueus. 

This  oommon  spennatophyte  of  the  shallow  waters  presented  a  scattered  distribution,  but 
unusually  abundant  off  Marthas  Vineyard. 
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Chart  267. — Distribution  of  alge  on  Spindle  Rocks,  March  17,  1905. 

All  the  tocks  were  perfectly  bare  above  low-water  mark  (the  dotted  line),  having  been  9cr^>ed 
clean  during  the  winter  by  floating  ice.  Algse  were  present  below  low  water  only  in  positions  where 
they  were  protected  from  contact  with  the  ice.  The  number  of  species  on  the  rocks  was  small  in  com- 
parison with  other  seasons  of  the  year,  and  limited  to  those  that  may  grow  at  some  depth. 

It  is  interesting  to  compare  the  rocks  above  low- water  mark,  now  entirely  bare,  with  the  conditions 
on  December  30,  two  and  one-half  months  previous  (chart  274),  for  at  that  date  the  rocks  were  covered 
by  growths  of  Cladophora  lanosa  var.  unciaUs  (11),  Phylliiis  fascia  (24),  and  Scyiosiphon  lomentarius  (26). 
The  first  zone  of  algse  was  well  below  low  water  and  was  composed  of  Ceramium  rubrum  (43),  and  Chof^ 
drus  crispus  (49),  the  last  extending  into  deeper  water.  Somewhat  away  from  the  locks  or  between 
them  were  groups  of  Laminaria  Agardhii  (33),  and  occasional  growths  of  Phylliiis  fascia  (24)  and  Scyio- 
siphon lomeniarius  (26)  were  present. 

List  of  species:  Ulva  Laciuca,  4,  few  on  Chondrus;  Cladophora  lanosa,  10;  Eciocarpus  siUculosus,  19, 
on  Scyiosiphon;  Phylliiis  fascia,  24,  few;  Scyiosiphon  lomentarius,  26,  few;  Laminaria  Agardhii,  S3t  groups 
in  deep  water;  Porphyra  laciniata,  37,  occasional;  CalUihamnion  Bcdleyi,  41,  on  Ceramium;  Ceramium 
rubrum,  4$,  abundant;  Chondrus  crispus,  49,  abundant.  ^ 
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Chart  268. — Distribution  of  algse  on  Spindle  Rocks,  April  22,  1905. 

Rocks  still  very  bare  above  low- water  mark,  where  they  were  scraped  clean  during  the  winter  by 
floating  ice.  Cladopkora  lanosa  var.  uncialis  (11)  formed  a  green  fringe  on  certain  rocks  near  low-water 
mark  (the  dotted  line),  with  the  brown  algse  PhylUtis  fascia  (24)  and  Scyiosiphon  lomentarius  (26)  begin- 
ning to  appear  lower  down;  thb  rather  imperfect  brown  zone  was  composed  of  young  growth  and  was 
not  very  conspicuous  at  this  date.  Well  below  low  water  were  growths  of  the  conspicuous  red  algae 
Polysiphonia  urceolata  (47)  and  Chondrus  crispus  (49). 

List  of  species:  Cladopkora  lanosa  var.  unciaUs,  11,  very  abundant;  Eciocarpus  addioides,  13,  on 
old  Laminaria;  Eciocarpus  fasciculaius,  15,  abundant  on  larger  algse;  Eciocarpus  ovaius,  17,  on  mussel 
shells;  Eciocarpus  penicillaius,  18,  very  abundant  on  larger  algse;  Sorocarpus  uv^eformis,  31,  on  mussel 
shells;  Desmoirickum  balHcumt  22,  mixed  with  Scyiosiphon^  Desmoirickum  undulaium,  23,  mixed  widi 
Scyiosiphon;  PhylUiis  fascia,  24,  young  growth  on  rocks;  Scyiosiphon  lomeniarius,  36,  young  growth  on 
rocks;  DumaresOa  viridis,  27,  many  young  plants;  Chordaria  flagtlUformis,  38,  young  plants;  Chorda 
ionuniosa,  33;  Laminaria  Agardhii,  33;  Acrochaiium  virgaiulum,  39,  on  Ceramium;  Cgromium  rubruMf 
43;  Polysiphonia  urcMlaia,  47,  abundant;  Chondrus  crispus,  49,  abundant. 


Digitized  by 


Google 


BIOLOGICAL  SURVEY  OF  WOODS  HOLE  AND  VICINITY.      • 


539 


Chart  369. — Distribution  of  algae  on  Spindle  Rocks,  May  22,  1905. 

The  rocks  at  this  date  presented  a  characteristic  algal  flora  of  the  spring  at  its  full  development. 
There  was  not  much  change  in  the  species  since  April  32  (chart  368),  but  a  large  increase  in  the  quantity 
of  vegetation.  Cladophora  lanosa  var.  uncialis  (11)  was  still  the  dominant  green  alga,  but  Enteromorpha 
intesHnalis  (7)  had  begun  to  appear;  these  two  species  extended  the  green  zone  much  higher  up  on  the 
rocks  than  where  it  was  a  month  previous  (chart  368).  The  brown  zone  at  low- water  mark  (the  dotte4 
line)  and  just  below,  composed  chiefly  of  Eciocarpus  penicillatus  (18),  PhylUHs  fascia  (34),  Scyiosiphon 
lomentarius  (36),  and  Chordaria  flagelliformis  (38),  was  also  broader  and  more  evident.  Polysiphonia 
urceolata  (47)  formed  a  conspicuous  red  zone  below  the  brown,  with  extensive  growths  of  Chondrus 
crispus  (49)  extending  into  deeper  water. 

List  of  species:  Enteromorpha  iniesUnaUs,  7,  young  plants;  Cladophora  lanosa  var.  uncialis ,  11, 
abtmdant;  Ectocarpusfasciculatus,  15,  abundant  on  larger  alge;  Ectocarpus  penicillatus,  18,  abimdanton 
larger  algse;  Sorocarpus  uvceformis,  31,  few  on  mussel  shells;  Desmotrichum  baliicum,  33,  few  mixed  with 
Scyiosiphon;  Desmotrichum  undulatum,  33,  few  mixed  with  Scytosiphon;  PhylUtis  fascia,  34rvery  abun- 
dsmt;  Punctaria  piantaginea,  35,  few;  Scytosiphon  lomentarius,  36,  abundant;  Desmarestia  viridis,  37, 
very  abundant;  Chordaria  flagelliformis,  38,  much;  Chorda  tomentosa,  32,  abundant;  Laminaria  Agardhii, 
33;  Ceramium  rubrum,  43,  abundant;  Polysiphonia  urceolata,  47,  abundant;  Polysiphonia  violacea,  48, 
few;  Chondrus  crispus,  49,  abtmdant. 
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Chart  370. — Distribittioii  of  algc  on  Spindle  Rocks,  Jime  99, 190$. 

The  character  of  the  vegetation  on  the  rocks  had  greatly  changed  from  that  of  Hay  22  (chart  269), 
and  marked  the  begimiing  of  the  characteristic  summer  flora  and  the  end  of  the  sprii^^  season.  A  green 
zone  on  the  upper  parts  of  the  rocks  was  composed  chiefly  of  Ulotkrix  impUxa  (3),  Uha  Lachtca  var. 
rigida  (5),  and  Entefomotpka  intestinalis  (7);  Cladopkora  lancsa  var.  un^aUit  formeriy  so  abundant 
and  conspicuous,  had  entirely  disappeared.  The  txrown  zone  near  k>w>watef  mark  (the  dotted  line) 
was  composed  almost  entirely  of  ScytoHpkon  tcmeniarius  (26),  and  ChcrdariaflagelUformu  (98);  PkylUUs 
fascia  (34)  was  only  represented  by  a  few  old  plants,  and  Ectocatpus  ptnidUatus  had  disappeared.  P^y- 
sipkonia  urceolata,  so  plentiful  throughout  the  spring,  was  no  longer  present,  but  Polytipkoma  vUlacaa 
(48)  was  abundant  and  with  Ceramium  rubrum  (43)  formed  a  fringe  around  the  rocks  a  little  bek>w  few- 
water  mark  with  Chondrus  crispus  (49)  in  deeper  water.  Nemalion  muUifidnm  (40)  had  begun  to  appear 
at  and  above  low-water  mark. 

List  of  algse:  Catothrix  scopuhrum,  i,  in  small  patches;  Ulotkrix  impiexa,  3,  covering  the  top  of 
III,  VI,  and  Pyramid  Rock;  Ulva  Lactuca  var.  rigida,  5,  abundant  young  growths;  EnUromorpka  inietti' 
nalis,  7,  much;  Codiolum  gregarium,  10,  abundant  on  barnacles;  PhylUtis  fascia,  94,  few  old  plants; 
Punctaria  planiaginea,  25,  few;  Scytosiphon  lomentarius,  26,  abundant;  ChordariaJlageU^ormis,  28,  very 
abundant;  Chorda  filum,  31;  Lamiftaria  Agardhii,  33,  scattered  plants;  Laminaria  AgardkU  var.  miteto, 
34,  pmall  group;  Nemalion  muliifidum,  40,  young  growth;  Ceramium  rubrum,  43,  few;  Polysipkoma 
violacea,  48,  abundant;  Chondrus  crispus,  49,  abimdant. 
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Chart  271. — Distribution  of  alge  on  Spindle  Rocks,  July  aa,  1905. 

The  only  conspicuous  green  alga  was  Ulva  Lactuca  var.  rigida  (5),  now  full  grown  and  forming  large 
patches  on  some  of  the  locks.  There  was  a  very  well-defined  brown  xone  just  below  low-water  mark 
(the  dotted  line)  composed  of  Chordaria  flagelUfofmis  (28)  and  old  Scytosiphon  lomeniarius  (26).  Ecto- 
carpus  cofifervoides  ( 14)  was  plentiful  on  the  Chordaria  and  Scytosiphon,  PhylUHs fascia  had  disappeared. 
Nemalion  muUifidum  (40)  fringed  most  of  the  rocks  at  low-water  mark,  and  below  was  a  characteristic  red 
zone  kA  Polysiphonia  violacea  (48)  and  Ceramium  rubrum  (43)  mixed  with  the  Chordaria,  and  with  Chon- 
drus  crispus  (49)  abundant  from  1-5  feet  below  low  water. 

List  of  algse:  Calothrix  scopulorum,  1,  small  patches  on  barnacles  and  rocks;  Rivularia  atra,  a,  on 
barnacles;  Ulothrix  impiexa,  3,  on  Pyramid  Rock;  Uha  Lactuca  var.  rigida,  5,  abtmdant  on  tops  of 
rocks;  Enieromorpha  iniestinalis,  7,  few  patches;  Cladophora  gracilis,  9,  few  tufts;  Codiolum  gregarium, 
12,  on  barnacles;  Ectocarpus  confervoides,  14,  abundant  on  Chordaria  and  Scytosiphon;  Scytosiphon 
lomeniarius,  26,  much  old  growth;  Chordaria  flagelltformis,  28,  abtmdant;  Mesogloia  divaricata,  29,  few 
patches;  Chorda  filum,  31,  large  patches;  Laminaria  Agardhii,  33,  few  groups;  'Fucus  vesiculosus,  $$, 
few  plants;  Nemalion  multifidum,  40,  abundant;  Ceramium  rubrum,  43,  abundant;  Chondria  dasyphylla, 
44,  few  plants;  Polysiphonia  violacea,  48,  abundant;  Chondrus  crispus,  49,  abundant. 
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Chart  272. — Distribution  of  algae  on  Spindle  Rocks,  September  2,  1905. 

The  rocks  on  September  a  presented  an  aspect  similar  to  that  on  Jtily  aa  (chart  271)  with  some 
features,  however,  more  pronounced.  The  prevailing  green  alga  was  Uha  Lactuca  var.  rigida  (5)  form- 
faig  laige  patches  on  the  tops  of  rocks.  The  most  conspicuous  brown  algse  were  Chotdana  fiaqiuformis 
(28),  growing  in  large  masses,  sometimes  as  a  zone  below  k>w-water  mark  (the  dotted  line),  and  old 
Scytoiiphon  lomeniarius  (26)  forming  patches  higher  up  on  the  rocks.  The  most  con^icuous  aoone  (mn<^ 
more  pronounced  than  in  chart  271 )  was  that  near  low- water  mark  composed  of  Ceramium  rubrum  (43  )  and 
Polfsipkonia  vwlaua  (48).  There  was  much  less  NemaUon  muUifidum  (40),  which,  however,  formed  a 
aoneonrocks  V,  VII,  and  VIII.    Chondrus  crispus  (49)  was  plentiful  in  deeper  water  belowthe  Ckofdaria, 

List  of  alge:  Calothrix  scopulerum,  i,  small  patches  on  barnacles  and  rocks;  Rivulana  aira,  2,  on 
barnacles;  Ulva  Lactuca  var.  rigida,  5,  plentiftd  on  tops  of  rocks;  Enteromorpka  crinUa,  6,  few  plants; 
Enteromorpha  proUfera,  8,  few  plants;  Ectocarpus  conftrvoides,  14,  on  old  plants  of  Scytosipkon;  Ecto- 
carpus  fasciculatust  15,  abundant  on  Chordaria  and  Chorda;  Scyiosiphon  hmentarius,  26,  patches  of  old 
plants;  Chordaria  flagelUformu,  a8,  abundant;  Chorda  filum,  31,  large  patches;  Laminaria  Agardkii,  33, 
occasional  plants;  Fucus  vesiculosus,  35,  scattered  plants;  Porphyra  laciniaia,  37,  scattered  plants;  NemM- 
Uon  muUifidum^  40,  abundant;  CaUithamnion  BaiUyi,  41,  many  on  Chonkuria;  CalUtkamnion  corym- 
bosum,  42,  many  on  Chordaria;  Ceramium  rubrum^  43,  very  abundant;  Dasya  eUgans,  45,  occasional 
plants;  Polysiphonia  violacea,  48,  very  abundant;  Chondrus  crispus,  49,  abundant;  Champia  panmia, 
50,  occaaonal  on  Chordaria  and  rocks. 
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Chart  273. — Distribution  of  alga  on  Spindle  Rocks,  September  19,  1904. 

This  chart  is  introduced  to  show  variations  that  may  be  present  in  the  algal  life  on  the  same  rocks 
at  the  same  season  but  in  different  years.  It  should  be  compared  with  chart  272,  plotted  September  2, 
Z905.  The  charts  agree  in  having  Ulva  Lactuca  var.  rigida  (5)  as  the  conspicuous  green  alga  on  the  tops 
of  the  locks.  There  was  no  Chotdaria  flagelliformis  this  season  and  consequently  no  zone  of  brown 
algse,  although  Scytosiphon  lomentarius  (26}  grew  in  scattered  patches.  Nemalion  tnuUifidum  (40}  formed 
a  zone  of  thick  growth  above  low-water  mark  (the  dotted  line)  on  rocks  III,  VII,  VIII,  and  Pyramid 
Rock.  The  most  conspicuous  zone  was  below  low  water  and  composed  of  Ceramium  rubrum  (43)  and 
Polysiphoniafibrillosa  (46).  The  Polysiphoniafibrillosa,  which  was  not  present  at  all  in  1905,  this  season 
took  the  place  of  Chotdaria  flagelliformis  and  Polysiphonia  violacea  (48),  usually  abundant,  but  scattered 
plants  of  the  latter  were  present.  Chondrus  crispus,  as  usual,  was  abundant,  extending  into  deeper 
water  below  the  Polysiphonia, 

List  of  species:  Ulva  LactucavBi.  rigida,  5,  abundant;  Scytosiphon  IfimeniariMs,  26,  patches  on  rocks; 
Chorda  filum,  31,  large  beds;  LanUnaria  Agardkii,  33,  scattered  patches;  Fucus  vesiculosus,  35,  scattered 
plants,  Sargassum  Filipendula,  36,  few  plants;  Nemalion  multifidum,  40,  abimdant;  Ceramium  rubrum, 
43,  abundant;  Polysiphonia  fibrillosa,  46,  very  abimdant,  fringing  rocks  just  below  low- water;  Polysi- 
phonia violacea,  48,  few;  Chondrus  crispus,  49,  abundant. 
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Chart  274.— Distribution  of  alge  on  Spindle  Rocks,  December  30.  1904. 

This  chart  plots  the  vegetation  on  the  rocks  in  the  winter  before  the  upper  parts  are  scraped  clean  by 
floating  ice.  In  the  series  of  charts  it  shows  the  conditions  two  and  one-half  months  before  those  pie* 
sented  on  chart  367.  The  prevailing  green  alga  was  Cladophora  lanosa  var.  uncialU  (ii)»  present  on  the 
upper  portions  of  every  rock  above  low- water  mark  (the  dotted  lines).  Near  low- water  mark  was  a  biown 
zone  of  PhylUHs  fascia  (24)  and  ScytoHphon  lomentarius  (26).  PkylUtis  fascia,  which  disappears  in  the 
summer,  had  returned  in  abundance.  Below  low  water  was  a  red  zone  of  Ceraimium  f^brum  (43),  vefjr 
plentiful,  and  in  deeper  water  was  the  ever-present  Chondrus  crispus  (49).  Polysiphomafibrillosa  (46),  so 
abundant  September  19  (chart  a 73 ) ,  had  almost  disappeared ,  and  there  was  no  Polysipkonia  violacea,  gen- 
erally characteristic  of  the  summer.    Only  a  few  plants  of  Nemalion  muUiftdum  (40)  remained. 

List  of  algse:  Calotkrix  scopulorum,  i,  patches  on  the  top  of  Pyramid  Rock;  Uha  Lactuca  var.  rigida, 
5,  bases  of  old  plants;  EnUromorpha  inUstinalis,  7,  few  scattered  plants;  Cladophora  lanosa  var.  undalis, 
zi,  abundant  on  the  top  of  every  rock;  Eciocarpus  granulosus,  16,  abundant  on  Sargassum  and  other 
large  alge  below  low-water;  Ectocarpus  tomentosus,  30,  abundant  on  larger  algae  below  low-water; 
PkylUtis  fascia,  24,  abundant  above  low- water;  Scytosiphon  lomentanus,  26,  very  abtmdant  above  low- 
water;  Myrionema  corunna,  30,  on  Laminaria;  Laminaria  Agardkii,  33,  many  old  plants;  Fucus  vesicu' 
losus,  35,  few  scattered  plants;  Sargassum  Filipendula,  36,  few  young  plants;  Porphyra  laciniata,  37, 
scattered  plants;  Acrochatium  secundatum,  38,  on  Porphyra;  Acrochcttium  virgatulum,  39,  on  Ceramium; 
Nemalion  muUifidum,  40,  few  plants;  Ceramium  rubrum,  43,  very  abtmdant;  Polysiphonia  fibriUosa, 
46,  few  plants;  Chondrus  crispus,  49,  abtmdant. 
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